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 Community health centers (CHCs) provide comprehensive primary care 
regardless of a patient’s ability to pay. Key policies in the last decade facilitated 
development of new CHC delivery sites, but the extent of change in geographic access to 
CHCs (CHC accessibility) is understudied. Furthermore, existing research on CHC 
accessibility relies on antiquated methods for measuring CHC accessibility despite the 
growing use of contemporary accessibility methods to study access to other types of 
health services.   
We conducted three studies that examined CHC accessibility using contemporary 
accessibility methods and publicly available data from the Health Resources and Services 
Administration, American Community Survey, Area Health Resources File, and the 500 
Cities Project. The first study assessed CHC accessibility at the census tract level in 2008 
and 2016, before and after implementation of policies that expanded CHCs, using the 
two-step floating catchment area method. It then investigated the association between 
indicators of CHC need and changes in CHC accessibility. The second study examined 
the association between CHC accessibility and primary care utilization. The third study 
investigated differential change in CHC accessibility for census tracts in a subset of 
 
 ix 
Medicaid expansion states compared to census tracts in a subset of non-expansion states.  
We found that CHC accessibility substantially increased between 2008 and 2016, 
that spatial distribution of increases in CHC accessibility was not uniform, and that the 
two-step floating catchment area method could be successfully applied to reveal small 
area variation in CHC accessibility changes across states. We also found that CHC 
accessibility was positively related to primary care utilization, but moderated by extent of 
primary care provider supply and median household income in the surrounding area. 
Finally, we found that census tracts in Medicaid expansion and non-expansion states saw 
similar increases in CHC accessibility from 2008 to 2016.  
In the current health policy context, where gains in health coverage from the 
Affordable Care Act are in jeopardy of being scaled back, CHC accessibility is critically 
important. The findings of this work support the important role of CHC accessibility in 
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CHAPTER 1: INTRODUCTION 
 
Overview 
Ensuring access to health care for low-income adults has been an ongoing 
challenge in the United States. Community health centers (CHCs) are community-based, 
patient-directed clinics that provide primary care and supportive services to all regardless 
of a patient’s ability to pay (1). CHCs receive federal funding from and are monitored by 
the Health Resources and Service Administration (HRSA)’s Health Center Program, 
which has an annual budget of about 5 billion dollars (2). CHCs were initially formed in 
the United States through President Johnson’s War on Poverty policies that stressed 
developing community-based solutions to the nation’s social and economic problems (3). 
Thus, CHCs are mandated by HRSA to target care and services to low-income and 
underserved areas in ways that are responsive to local needs (4,5), and also have a 
governing board in which the majority of board members are patients of the CHC (6). 
CHCs are located in all 50 states, and provide care to a large proportion of rural residents 
(7). Currently, there are about 11,000 CHC delivery sites that serve approximately 25 
million patients throughout the country (1,5).  
CHCs provide high quality primary care for all, regardless of a patient’s ability to 
pay, so they have been an essential care provider for low-income adults who have trouble 
paying for care or live in underserved areas. Recent reforms expanded health insurance 
coverage (health coverage) to many low-income Americans through federal subsidies and 




barriers to obtaining care that CHCs address. Further, current policy proposals under 
debate stand to retract health insurance coverage from 23 million Americans, many of 
whom are low-income, by 2026 (8). The federal government raised CHCs’ funding in the 
past decade to expand the number of CHCs as a mechanism to improve access, but the 
impact of this expansion on access to care is largely understudied.  
Additionally, most research on the impact of recent reforms that target low-
income adults focus on financial access to care, i.e. health coverage, while ignoring 
geographic access to CHCs, which is associated with favorable health care utilization and 
outcomes. The field lacks substantial evidence on geographic access to CHCs (CHC 
accessibility) in several areas. First, few existing health services research studies 
assessing CHC accessibility use modern measures that exploit geographic information 
systems (GIS) to overcome limitations in commonly used, but elementary accessibility 
measures. No study to our knowledge has examined CHC accessibility using modern 
accessibility measures. Even fewer studies use census tracts as the unit of analysis, 
instead focusing on individuals or large, heterogeneous geographic units like counties. 
Uncovering differences in CHC accessibility by census tract, which are county subunits, 
can illuminate areas where state policy makers can target resources to intensify services. 
Second, no existing studies to our knowledge examine recent changes in CHC 
accessibility despite policy implementation that drastically altered the magnitude and 
distribution of CHCs across the nation. Third, while recent studies have highlighted 
decreases in health coverage disparities across socioeconomic groups, the field is devoid 




and spatial distribution. Finally, few existing studies assess the association between CHC 
accessibility and health care utilization. A better understanding of this relationship is 
needed to determine the influence of CHC accessibility on health and health disparities. 
This dissertation begins with a discussion of relevant literature on CHCs, the 
current policy context in which they reside, and methods of measuring CHC accessibility. 
It then describes three separate studies that address existing gaps in the literature. It ends 




Background and Literature Review 
Community health centers  
 
Community Health Centers (CHCs) are an indispensable component of the U.S. 
health care system. They provide care to about 25 million Americans1, most of whom are 
poor, belong to ethnic or racial minority groups, live in rural areas, and have public health 
coverage or lack health coverage altogether. Ninety-two percent of CHC patients have 
incomes at or below 200% of the federal poverty level, 62% are minorities, and 73% 
have Medicaid or are uninsured (1). CHCs are established in medically underserved 
areas; therefore, most appear in poor areas of inner cities and in rural areas. Almost half 
of CHCs are located in rural areas, where residents experience higher rates of age-
                                                        
1 In comparison, the Veterans Health Administration served approximately 5.8 million Veteran 




adjusted mortality and chronic disease compared to non-rural residents (10–12).  
A disproportionate number of Medicaid and uninsured patients receive care at 
CHCs. A comparison of CHC patients to patients seen by private providers shows that 
71% of CHC patients have incomes at or below the federal poverty level as compared to 
only 14% of patients seen across all health care settings; 49% have health coverage 
through Medicaid compared to 13% seen by private providers; and only 17% have 
private insurance compared to 60% of patients seeing private providers (13). The way in 
which CHCs are funded allows for this—CHCs qualify to receive special federal grants, 
enhanced prospective payments from Medicare and Medicaid, and other benefits like 
reduced drug prices if they meet certain criteria. Conversely, financial risk dissuades 
private providers from caring for a large proportion of uninsured and Medicaid patients 
(14,15) because they are financially liable for patients who cannot pay and for inadequate 
Medicaid reimbursements.  
CHCs provide primary care regardless of a patient’s ability to pay. Strong 
primary care systems have been shown to improve population health and reduce 
disparities (16,17), and a benefit of CHCs is that low-income Americans can still get care 
if they lose or change coverage. Coverage disruptions that hinder patients’ ability to 
obtain care from other providers can lead to decreases in primary care use and increases 
in health care needs (18), compromised care continuity (19), and treatment non-
compliance (20), all of which can lead to poor health outcomes.  
CHCs, unlike hospital outpatient departments and private providers, follow a 




engagement is a key element in assessing health problems affecting the local community 
and designing interventions (3,21). Many CHCs are rooted in local culture and sensitive 
to the sociopolitical struggles of the communities they serve. In this way they are 
uniquely positioned to respond to local needs and are good at providing culturally 
competent care (3,22–24). Additionally, CHCs offer robust ancillary services, such as 
language translation, insurance enrollment, and health education services, that help 
patients stay healthy and connected to care. Many even have child care centers onsite. 
Other activities include sponsoring events like community walks and runs and health 
fairs, implementing prevention screening awareness campaigns, and engaging in 
community advocacy, in addition to engaging in activities that target social determinants 
of health (25,26). CHCs therefore benefit the health of local communities beyond 
increasing the number of health care providers in an area. 
Although CHC patients are poorer, sicker, and more prone to health disparities 
than the general patient population, patients demonstrate favorable health outcomes, and 
CHCs provide care equitably and cost less than other providers. Medicaid patients using 
CHCs have fewer preventable hospitalizations and emergency room visits than those 
using other providers (27), and CHC patients are more satisfied with their health care 
than those seeing private providers (28). African American women who use CHCs are 
less likely than all U.S. African American women to give birth to low birthweight babies, 
and women CHC patients are more likely than a comparable sample of U.S. women to 
get clinical breast examinations and Pap smears (29). CHC patients with hypertension are 




with diabetes are twice as  likely as a national sample of diabetics to report having a 
routine A1C check (29). Racial and ethnic, insurance, and income disparities in 
preventive screenings do not exist among patients receiving their care at CHCs (29).  
Additionally, there is evidence to support CHCs actually reduce mortality (30). 
Bailey and Goodman-Bacon (2015) found that CHC establishment was associated with 
“sharp and persistent” decreases in age-adjusted mortality. They determined CHC 
establishment was 3-8 times more cost effective than Medicare, and that it had large 
effects on mortality for those 65 and older, indicating that CHCs create long-term 
community health benefits even among groups with universal health coverage. The 
findings of this study reinforce the community benefits of CHCs as institutions in the 
areas in which they are located. 
 
 
HRSA’s Index of Medical Underservice – determining geographic areas eligible for CHC 
services  
 
At the national level, HRSA designates geographic areas - and sub-populations 
within geographic areas - as medically underserved, meaning lacking access to primary 
care services. A medically underserved area (MUA) designation marks the geographic 
area as eligible for CHC services through the Health Center Program. The geographic 
units with potential for MUA designation are groups of counties, single counties, or 
groups of contiguous census tracts (31,32).  
HRSA uses the index of medical underservice (IMU) to classify geographic areas 




of weighted values on 4 criteria: the ratio of primary care physicians per 1,000 people, 
percent of the population with incomes below the federal poverty level, percent of the 
population over the age of 65, and the infant mortality rate (31,33). IMU values can range 
from 0 (most underserved) to 100 (least underserved), and geographic areas with IMU 
values of 62 or less are designated by HRSA as MUAs.  
The IMU was developed in 1975 as part of the Health Maintenance Organization 
(HMO) Act – HMOs were to be given federal funding priority if 30 percent or more of 
the members they proposed to serve resided in an MUA (34). The IMU criteria, values, 
and threshold value for designation as an MUA, which was the median IMU value when 
they were originally calculated in 1975, have not been updated nationally since first 
developed and calculated in the 1970s (35). However, states or local areas may 
proactively use current data to update their IMU values and submit those to HRSA for re-
designation. Attempts were made to update IMU criteria and values in 1998 and 2008, 
however both attempts failed primarily because new approaches threatened to remove 
MUA designations, and therefore funding and resources, from many geographic areas 
(35).  
At the local level, applicants proposing to develop a new CHC service delivery 
site must indicate which MUA(s) the site will serve and reside in (36). Additionally, 
applicants are expected to review local data on population characteristics in the site’s 
service area to propose which target populations and numbers of potential patients the 





Policy context around CHCs 
 
 
CHCs have a strong history of bipartisan support  
CHCs receive federal funding through the HRSA’s Health Center Program 
(HCP). The HCP has a $5 billion annual budget (2) used to fund over 1,400 CHC 
grantees that operate over 9,800 CHC sites throughout the country (37). The HCP is 
vulnerable to federal politics like any other federal program. But, the HCP is often used 
as policy lever because it is a politically-viable approach for providing subsidized care to 
low-income Americans.  
Republicans and Democrats alike expanded the HCP in the past (4,38). President 
Bush launched the Health Center Growth Initiative that increased HCP funding from 
about $1 billion in 2000 to over $2 billion in 2007 and increased the number of CHC sites 
by 1,200 (39,40). President Obama continued expanding the HCP through the American 
Recovery and Reinvestment Act (ARRA) and the Affordable Care Act (ACA). ARRA 
provided an additional $2 billion to the HCP over 2009 and 2010 to improve CHC 
infrastructure, support ongoing operations, and to upgrade CHC health information 
technology systems (41). It added many new CHC sites and 3 million new patients (42). 
The ACA permanently reauthorized the HCP, solidifying the role of CHCs in the U.S. 
health care system indefinitely. It also allocated $11 billion for CHC expansion above 
and beyond annual discretionary appropriations from 2010 through 2015 (43). (HCP 
funding increases from ARRA and the ACA between 2008 and 2016 are referred to as 




Contrasting views on HCP expansion and Medicaid expansion 
Political support for the HCP sharply contrasts with the contentious debate 
between Republicans and Democrats over Medicaid expansion. Expansion of Medicaid, 
the state-federal program that provides publicly-funded health coverage to the poor, was 
a pillar of the ACA. Lower income adults without children did not qualify for Medicaid 
in most states before the ACA was enacted. It transformed Medicaid by mandating states 
to expand eligibility for all adults with incomes up to 138% of the federal poverty level at 
least, which is $16,753 for an individual in 2018 (44). Many politically conservative, 
Republican states combatted Medicaid expansion due to cost, partisan politics, and 
concern about dumping money into an inefficient program (45,46). Twenty-six states 
challenged Medicaid expansion in court, and the Supreme Court ruled that states could 
opt out of expansion (47). The ruling broke the backbone of ACA’s design to extend 
health coverage to low-income adults through Medicaid (48). Seventeen states have 
rejected Medicaid expansion, so called “non-expansion” states (49). Due to this, about 
2.5 million low-income Americans currently do not qualify for Medicaid or subsidized 
health coverage (50).  
Two ways to view HCP expansion and Medicaid expansion are as 1) 
complimentary policies that work synergistically to improve health care access for those 






Complimentary policies view 
There are a few ways HCP expansion and the ACA’s Medicaid expansion work 
together. First, the federal government relied on CHCs to assist with the rollout of 
Medicaid expansion because they are a critical entry point for the low-income adults that 
Medicaid expansion targeted. CHCs received additional federal grants to screen patients 
for Medicaid eligibility and help them enroll.  
Second, Medicaid expansion increased the proportion of CHC patients eligible for 
Medicaid, and federal rules set CHCs’ Medicaid reimbursements close to actual costs. 
Having a higher proportion of patients with Medicaid benefited CHCs by increasing their 
patient revenue (42,51). After the ACA, the proportion of Medicaid visits to CHCs rose 
by 36% and uninsured visits dropped by 40% in expansion states (52). An improved 
financial model made opening a CHC more attractive to potential grantees and improved 
existing CHCs’ sustainability. CHC sustainability ensures continuity of health care for 
those who use them. 
Third, lessons from two states that expanded Medicaid early, Massachusetts and 
Oregon, signaled to policy makers that CHCs could experience a rush in new patients and 
more visits after Medicaid expansion that warranted substantial HCP expansion. 
Although CHCs provide care regardless of a patients’ ability to pay, patients may use 
more care if that care is covered by insurance (53,54). For example, CHC patient volume 
increased by 31% in Massachusetts after coverage expansions were enacted, and those 
who went from being uninsured to having Medicaid continued to use CHCs and other 




option to use private providers instead (55). This contradicts the assumption that those 
who gain coverage shift care from CHCs to private providers. In Oregon, patients who 
went from uninsured to having Medicaid upped their visits to CHCs and used more 
services, including lab tests (56,57). HCP expansion policies aligned with anticipated 
patient and visit increases as all states moved toward expanding Medicaid in 2014.  
But, research on Medicaid expansion’s impact on CHC patient volume and visits 
after the tipping point in 2014, when 24 states and DC expanded Medicaid, is unclear. 
Studies by Han (2017) and Cole et al. (2017) both report increases in patient volume 
across both expansion and non-expansion states, but Han found slightly larger increases 
in expansion states whereas Cole found no significant difference (58,59). Non-expansion 
states had a larger increase in federal grants, which could explain the similarity in patient 
volume increases across non-expansion and expansion states. However, the studies by 
Cole and Han only used one year of follow up data, so results may not yet be conclusive 
due to an inadequate follow up period.   
Expansion states may be more likely to see the policies as complimentary. 
Furthermore, due to the changes to the CHC financial model as a result of health reform, 
increasing patient revenue from Medicaid and enhancing financial sustainability, we can 
expect some CHC expansion in states that adopted Medicaid expansion.   
 
Alternative policies view 




oppose expanding low-income adults’ health care access entirely. Research suggests that 
decisions around Medicaid expansion are more complex than thinking about states as 
falling into one of two groups: expansion and non-expansion states. Jacobs and Callaghan 
(45) discuss nuances of states’ decisions to expand Medicaid. Some non-expansion states 
actually took steps to move toward expansion, including the governors and legislatures 
collectively deciding to head toward expansion, applying for federal funding to plan for 
ACA roll out, and expanding Medicaid benefits and simplifying the enrollment process.  
Some non-expansion states even demonstrated their support for increasing access 
to care for the poor by adopting other less-politicized policies. Six non-expansion states 
extended the ACA’s temporary increases in Medicaid fees paid to doctors for primary 
care services (46,60), which were shown to improve access by increasing primary care 
appointment availability for Medicaid patients (15). So, non-expansion states may be 
using policies other than Medicaid expansion to increase access to primary care for low-
income adults. Might they be expanding CHCs at a greater rate than expansion states?  
It turns out that CHCs have strong bipartisan support, whereas many Republicans 
adamantly oppose Medicaid expansion. And, research indicates that policy legacies shape 
states’ health policy decisions, or the idea that a state’s past political choices dictate its 
policy options moving forward (45,61). Republican states with policy legacies that do not 
support coverage expansions may find CHC expansion a viable policy alternative if their 
state supported such policies historically. Targeting CHCs to extend access to care for 





Only a few studies explore the extent to which states use CHCs as a mechanism to 
increase access to care for low-income adults and how the impact of CHC expansion 
compares to Medicaid expansion. A study by Griffin, Scherrer, and Swann (62) projected 
the effect of CHC expansion and Medicaid expansion on an indicator of primary care 
access--the proportion of residents with a source of primary care-- in Georgia. They 
determined that doubling the CHC budget would substantially increase the number of 
Georgians with a source of primary care at a cost of $820 per person while expanding 
Medicaid eligibility would increase the number to a lesser extent at a cost of $2,655 per 
person. They concluded that CHC expansion was an effective policy approach to increase 
the number of Georgians with a usual source of care.  
Cunningham and Hadley (63) conducted a similar study but had different results. 
They compared the effect of health coverage and CHC capacity on having a usual source 
of care and a routine medical visit by sorting communities into 4 categories according to 
CHC capacity and rates of health coverage among low-income, nonelderly adults. They 
found that communities with higher coverage and lower CHC capacity fared better than 
those with higher CHC capacity and lower coverage. The authors, however, did not 
adjust their models for important confounders, such as the number of available primary 
care providers in each community. Doing so may have produced different results if 
communities with higher coverage also had a greater supply of primary care providers 
(PCPs). 
In addition to being politically infeasible in some states, Medicaid expansion is 




inadequate PCP supply. Health coverage reduces financial barriers to accessing care, but 
it does not guarantee service availability. However, CHCs help address PCP supply 
issues by qualifying for federal programs that place PCPs in needed areas (32). 
Therefore, CHC expansion could be an alternative to Medicaid expansion or even a 
preliminary step toward expanding coverage by mitigating inadequate PCP supply.   
Non-expansion states may be more likely to see HCP expansion and Medicaid 
expansion policies as alternatives, particularly if their states have political opposition to 
Medicaid expansion and pressing primary care shortages. Additionally, the HCP may 
view non-expansion states as needing more CHC resources to offset the lack of coverage 
expansions. For these reasons, we can expect CHC expansion to be greater in non-
expansion states compared to expansion states.  
 
Continued importance of CHCs in a shifting political landscape 
Like the two previous administrations, health policy proposals under President 
Trump continue to emphasize CHCs. His proposals to defund Planned Parenthood place 
4,000 family planning clinics in jeopardy of closing and divert those patients to CHCs 
(64,65), and his intent to scale back the ACA’s coverage expansions make CHC 
placement vital to ensure access to primary care for those with lower incomes (8,66,67). 
In fact, early evidence of coverage loss since President Trump took office shows that 
about 21% of coverage gains from the ACA have been reversed (68).  Even with 
coverage expansions intact, CHC placement in non-expansion states is critical because 




care regardless of ability to pay. Additionally, plans to shift care for more Veterans to 
community-based providers (69) emphasize the role CHCs can play (70). In fact, many 
CHCs already contracted with the Veterans Health Administration to provide care to 
Veterans.  
Low-income adults’ geographic access to CHCs is therefore of utmost importance 
in the current health care landscape. 
 
Research on access: examination of the geographic dimension 
 
The construct of health care access encompasses many domains. A limited but 
growing body of research examines the geographic domain. Geographic access considers 
the relationship between people and health care services while considering how they 
relate in space, and it may be operationalized in many ways (71,72). Two main types of 
commonly-used geographic access measures are those that measure distances between 
patients and care, such as travel time or straight line distance to the nearest clinic, and 
ratios of service providers to the population in a given area. Accessibility is a term that 
refers to the ease with which one is able to access health care resources from a given 
location, and it covers both types of measures (73).  
 





There is a cluster of studies on CHC accessibility using early measures of 
distance, or proximity, to services and service-to-population ratios. Hadley and 
Cunningham (74), for example, found that uninsured patients with greater accessibility to 
safety net hospitals and clinics, indicated by living in zip codes whose geographic center 
was closer to these services, reported greater ambulatory care utilization and fewer 
overnight hospital stays and emergency room visits than those who lived farther away. 
Additionally, Evans et al. (75) determined that Medicaid and uninsured patients living in 
areas with a greater CHC accessibility measured by living in an area with greater density 
of CHCs had lower rates of preventable hospitalizations, which are a validated outcome 
measure of primary care access (76), than those living in areas with lesser CHC density.  
Several other studies examined CHC accessibility using dichotomous measures of 
CHC presence in an area or CHC-to-population ratios and found positive associations 
between CHC accessibility and utilization and outcomes among low-income adults. 
Findings include: 1) that low income adults living in medically underserved areas with a 
CHC had lower rates of preventable hospitalizations than areas without a CHC (77), 2) 
that counties with a CHC had lower rates of uninsured emergency department visits than 
counties without (78), and 3) that low-income adults who live in metropolitan statistical 
areas with more CHCs were more likely have a doctor’s visit in the past 12 months (79). 
All of these studies used large areal units for analysis, such as counties, zip code clusters, 
or metropolitan statistical areas containing at least 330,000 people thereby masking 




CHC accessibility such as CHC presence or CHC-to-population ratios, which have 
limitations.  
Early accessibility measures using proximity or service-to-population ratios have 
major shortcomings. Specifically, proximity measures assume all service providers have 
infinite capacity and do not account for the number of potential patients in the area 
demanding, or competing for, services. The major drawback of using plain service-to-
population ratios is that, while they do take into account capacity to some extent, they do 
not account for individuals crossing defined geographic boundaries, such as county 
borders, to obtain care. This presents a major estimation problem for areas close to 
geographic borders. 
 
The opportunity to use modern accessibility methods to estimate CHC accessibility 
Geographic information systems (GIS) are being used more frequently in health 
services research to study health care access (71,80–82). GIS facilitates use and 
application of more robust estimations of accessibility. Specifically, newer accessibility 
measures combine distance and service provider ratios into a single measure that 
addresses limitations inherent in early accessibility measures. Newer measures permit 
catchment areas to overlap and also float over arbitrary boundaries, such as county 
borders, that patients may travel across to receive health care. Additionally, they 
incorporate measures of demand into CHC-to-provider ratios to account for the number 




measures is a novel approach that could substantially add to existing knowledge on CHC 
accessibility. 
Perhaps the most widely used newer accessibility measure is obtained using the 
two-step floating catchment area method (2SFCA) (83). This method has been used in a 
handful of health services research studies, but it has not been used explicitly to study 
CHC accessibility, and few studies have used it for more than descriptive purposes. For 
example, Bissonnette et al. (84) studied neighborhood access to primary care physicians 
in Ontario, Canada and found reduced accessibility among linguistic minorities and 
recent immigrant populations. In another study, Eberth et al. (85) used this method to 
examine changes in mammography availability and capacity in the South and found that 
the proportion of women living in under-resourced areas rose by 10% over the 7-year 
study period.  
Two studies were identified that went beyond describing disparities and examined 
associations between accessibility measures, obtained using the 2SFCA method, and 
health services utilization and outcomes. First, Donohoe and colleagues (86) found that 
higher primary care accessibility was associated with lower odds of late stage breast 
cancer diagnosis (odds ratio (OR), 0.96; P = 0.006), and that higher mammography clinic 
accessibility was associated with higher odds of breast cancer treatment among eligible 
women (OR, 1.12; P = 0.021) in Appalachia. Second, Fishman et al. (87) found that 
primary care provider accessibility was not significantly associated with rates of 
emergency department (ER) use for non-emergent conditions, but also that primary care 




conditions in Chicago. Thus, an opportunity exists to use the 2SFCA method to 
specifically study CHC accessibility both descriptively to highlight potential disparities 
across small geographic units, and also to further examine the association between CHC 
accessibility and measures of primary care utilization.   
 
Summary of research gaps 
 
Three key areas are largely unaddressed by existing research. First is the gap in 
literature on the effect of health reform policies on CHC accessibility. Research to date 
on the ACA’s impact is one-dimensional, tilted heavily toward examining the effect on 
financial access—mainly rates of health insurance coverage (88). Health coverage is 
important, but it is not everything (89). Further research on health reform’s impact must 
explore how policy affects geographic access and for which groups. An opportunity to 
explore this is by studying the effect of HCP expansion on CHC accessibility and 
determining sociodemographic predictors of change in CHC accessibility.   
The second gap in existing research is the need for further application of newer 
accessibility measures to study disparities in CHC accessibility and associations with 
health care utilization and outcomes. Such analyses will be instrumental for health policy 
making and planning by highlighting where (literally) to target resources. Measuring 
CHC accessibility and ensuring CHCs are placed in the right areas may optimize 




health services research on accessibility and contribute to development of a robust 
knowledge base on CHC accessibility.  
The third gap is how states use alternative policies for expanding access to care 
for low-income adults. Studies have looked at some alternative policies, such as the 
ACA’s increases in Medicaid fees (15,46), but few specifically study CHC expansion as 
a plausible alternative approach to Medicaid expansion. Although one study in a single 
state compared the projected effect of Medicaid expansion to CHC expansion (62), no 
study uses the ACA as a natural experiment to conduct a multi-state analysis. Moreover, 
no study has tested if the effect of HCP expansion differentially impacted states that 
expanded Medicaid compared to those that did not.  




The conceptual framework that guides this dissertation combines two existing 
frameworks. The primary model is that presented by Khan and Bhardwaj, two 
geographers. They nicely articulate how policy influences the structure of the health care 
system, which shapes access (90). Also included are elements from Davidson et al. (91). 
Davidson’s model explicitly addresses community and individual factors affecting access 








Figure 1.1. Conceptual framework2 
   
                                                        




Health care policy and planning 
 
In Khan and Bhardwaj’s model, health policy and planning moderates the 
interplay between the characteristics of the health care system and its potential users. The 
outcome of this interplay is what they envision as access to care in a particular area. 
Policy and planning influences how the health care system and its users interact.  
The framework describes how HCP expansion and Medicaid expansion might 
impact the other components. HCP expansion, for example, targets system characteristics 
(number of CHCs and where they are located) while Medicaid expansion targets user 
characteristics (proportion with insurance and therefore able to avail health care).  
From Davidson’s model (depicted in the gray boxes), state health policy in 
addition to federal health policy impacts health care access; therefore, both policies at 
both levels should be considered when assessing the influence of policy on other domains 
in the framework.  
 
Health care system characteristics 
 
Characteristics of the health care system are defined as the makeup and 
distribution of health care resources in an area, for example number of doctors and 
clinics, the types of services they offer, and where they are located (90). The framework 
articulates that the system adjusts in response to the characteristics of potential users to 
make health services available. This results in potential spatial (geographic) and aspatial 




Americans will increase the number of users with health coverage, who then may demand 
more health care services. The model postulates that the system responds by increasing 
the number of providers. Stemming from the model, HCP expansion altered 
characteristics of the health care system by increasing the number and capacity of CHCs. 
A relevant system characteristic described by Davidson is physician supply as a 
marker of health care delivery system capacity. One expectation is that areas with low 
physician supply may be less likely to expand coverage to more individuals and more 
likely to invest in CHCs to attract providers to the area. In the paper by Griffin et al. (62) 
they notably point out that the number of available primary care providers in an area is 
often overlooked as a confounder in studies that assess effects of expanding access to 
care by expanding health coverage. 
 
Health care user characteristics 
 
These are the characteristics associated with the population who will use health 
care services in the specified area. Factors in this domain include the number of low-
income, non-elderly adults, their age distribution, their health status, race and ethnicity, 
and the proportion with health coverage. These characteristics help us estimate how many 
people we expect to use health care services and how we may use policy and planning to 
align the health care system to care for potential users. Sociodemographic composition of 
census tracts may also signal underserved areas which might be in need of CHC services, 
for example areas with a high proportion of residents in poverty. 




increasing the number of people with health coverage. Other important user factors the 




Potential access is comprised of spatial (geographic) and aspatial (social, 
economic, or psychosocial) dimensions. The degree of CHC accessibility is a spatial 
measure of potential access, whereas the degree of health coverage is an aspatial measure 
of potential access.  
 
Barriers and facilitators  
 
Barriers include the financial, cultural, and psychosocial barriers (aspatial) as well 
as geographic (spatial) barriers that impede actual utilization of health care services. The 
model insinuates that barriers stem from a mismatch between system characteristics and 
user characteristics. For example, lack of health care providers in an area may create a 
spatial barrier to utilization. Gaining health coverage after years of being uninsured is an 
example of a facilitator. Cultural and psychosocial barriers are also important to consider. 
For example, users may have adequate coverage and an adequate number of providers in 
the area but may prefer not to seek care due to their personal health beliefs or preference 








health care. It is synonymous with utilization. 
 
Spatial and aspatial patterns of access 
 
Both potential and realized access may manifest in aspatial and spatial patterns. 
For example, many low-income adults lack health coverage, which demonstrates an 
aspatial pattern of access. On the other hand, those in rural communities may have to 
travel longer distances to use health care and therefore use fewer services; this is an 
example of a spatial pattern (rural geography). Disparities in access to care are the same 
as patterns of access that are different between two groups, with one group having 
different and more positive access patterns than another.   
 
Adequacy or inadequacy of access patterns 
 
These dimensions refer to the existence or nonexistence of disparities in patterns 
of access in spatial and aspatial dimensions. If disparities exist, policy and planning 
efforts are necessary to address them. If, for example, non-expansion states determine 
that many areas lack an adequate number of health care providers, they may respond at 
the state level by developing policies to attract more providers to the area and applying to 
open new CHCs. Policy makers may develop policies aimed at system characteristics, 






Overarching Goal and Research Objectives 
Global research question 
 
My dissertation is framed around answering the global question: Knowing CHCs 
are important care providers for low-income populations, how has geographic access to 
CHCs (CHC accessibility) changed after passage of key policies, to what extent are 
sociodemographic indicators associated with those changes, and what is the association 
between CHC accessibility and primary care utilization? 
The next three chapters of this dissertation address different aspects of this central 
question. Chapter 2 examines the distribution of CHC locations before and after Health 
Center Program expansion and measures corresponding changes in CHC accessibility for 
low-income, nonelderly adults at the census tract level in 3 southern U.S. states. Chapter 
3 investigates how CHC accessibility is related to primary care utilization in the same 3 
states. Finally, Chapter 4 assesses to what extent change in CHC accessibility varied 




CHAPTER 2: CHANGE IN GEOGRAPHIC ACCESS TO COMMUNITY HEALTH 
CENTERS IN ARKANSAS, LOUISIANA, AND MISSISSIPPI AFTER HEALTH 




Community health centers (CHCs) are important sources of primary care, 
particularly for those with low incomes and in underserved communities. CHCs 
emphasize preventive care and promote community health, and they provide care 
regardless of a patient’s ability to pay (3,4). Access to CHCs is associated with favorable 
health outcomes (30,75,77,92), and patients who use CHCs experience fewer disparities 
and exhibit better use of preventive health services than patients using other sources of 
care (27–29). An added benefit is that CHCs garner strong bipartisan support (4,38), 
making them a politically viable approach to expanding health care access in places 
where other measures, such as Medicaid expansion, are politically contentious.  
The American Recovery and Reinvestment and Affordable Care Acts heavily 
invested in CHCs by allocating additional money to the Health Resources and Services 
Administration (HRSA)’s Health Center Program (43), which funds and monitors CHCs. 
Health Center Program expansion presents an opportunity to study how policy impacted 
geographic access to affordable care. And, although there is an expansive research base 
documenting policy’s impact on financial access to care, e.g. health coverage and ability 




on geographic access to CHCs, how those impacts were spatially distributed, and for 
which groups geographic access increased.  
 
 
HRSA’s Index of Medical Underservice – determining geographic areas eligible for CHC 
services  
 
At the national level, HRSA designates geographic areas - and sub-populations 
within geographic areas - as medically underserved, meaning lacking access to primary 
care services. A medically underserved area (MUA) designation marks the geographic 
area as eligible for CHC services through the Health Center Program. The potential 
geographic units for MUA designation are groups of counties, single counties, or groups 
of contiguous census tracts (31,32).  
HRSA uses the index of medical underservice (IMU) to classify geographic areas 
as MUAs if their IMU value falls below a certain threshold. The IMU is a summary score 
of weighted values on 4 criteria: the ratio of primary care physicians per 1,000 people, 
percent of the population with incomes below the federal poverty level, percent of the 
population over the age of 65, and the infant mortality rate (31,33). IMU values can range 
from 0 (most underserved) to 100 (least underserved), and geographic areas with IMU 
values of 62 or less are designated by HRSA as MUAs.  
The IMU was developed in 1975 as part of the Health Maintenance Organization 
(HMO) Act – HMOs were to be given federal funding priority if 30 percent or more of 
the members they proposed to serve resided in an MUA (34). The IMU criteria, values, 




they were originally calculated in 1975, have not been updated nationally since first 
developed and calculated (35). However, states or local areas may proactively use current 
data to update their IMU values and submit those to HRSA for re-designation. Attempts 
were made to update IMU criteria and values in 1998 and 2008, however both attempts 
failed primarily because new approaches threatened to remove MUA designations, and 
therefore funding and resources, from many geographic areas (35).  
At the local level, applicants proposing to develop a new CHC service delivery 
site must indicate which MUA(s) the site will serve and reside in (36). Additionally, 
applicants are expected to review local population characteristics in the proposed site’s 
service area to determine which target populations and the number of potential patients 
belonging to specific sociodemographic groups the new site expects to serve (36).  
 
Measuring geographic access 
 
Geographic access, or accessibility, is the ease by which health services can be 
reached from a particular location (72). A growing body of evidence associates 
accessibility with improved health care quality (86,93), perceived access (94), favorable 
health care utilization (74,95), and favorable health outcomes (75,77,87,92). 
Conventional accessibility measures include proximity to health care services and 
clinic-to-population ratios within a defined geographic area, such as a county or state. 
Some limitations of these conventional measures include restricting ratios to 
administrative boundaries, e.g. counties, that patients might cross to use services, and 




availability and use of geographic information systems (GIS) in health services research 
(80,96–98) has made it possible to apply methods that combine clinic-to-population and 
proximity measures into a more sophisticated measure that addresses limitations inherent 
in both conventional measures (71,83,99).  Additionally, GIS software permits the use of 
road networks to define distances based on travel time rather than straight line distances 
used in earlier approaches and allows for examination of accessibility heterogeneity 
within larger geographic areas, like counties and states, by using smaller geographic units 
of analysis, like census tracts. Thus, an opportunity exists to use contemporary measures 
(71,73,83,99–101) and GIS software to examine CHC accessibility. This information can 
assist planners and decision makers with targeting resources in ways that reduce place-
based access disparities, which are disparities in access to care based on where one lives.   
 
People who live in the U.S. South disproportionately experience health disparities 
compared to those living in other regions. Southerners have higher rates of stroke (102), 
obesity (103), diabetes (104–106), and HIV (107,108), for example. Disparities in health 
care access may partly explain these differences. Compared to those in other regions, 
Southerners are more likely to lack health insurance (109) and report delaying or 
forgoing needed care due to cost (110,111). Within the South, those who live in certain 
areas fare worse than others in terms of health disparities. Residents of the Delta Region, 
for example, experience some of the worst health disparities in the country (112). 
Optimal location of community health centers (CHC) could improve health care access 




bipartisan approach to expanding access is necessary.  
This study investigates changes in CHC accessibility after Health Center Program 
expansion in 3 Southern U.S. states -- Arkansas, Louisiana, and Mississippi. These 
contiguous states rank among the bottom on measures of health according to America’s 
Health Rankings (113) and they contain part of the Delta Region.  
 
Our study objectives were to: 
1. Describe changes in CHC accessibility after Health Center Program expansion 
across and within these 3 states and 
2. Assess to what extent indicators of greater expected need for CHC services were 




We first estimated CHC accessibility pre- and post- Health Center Program 
expansion and described CHC accessibility changes within the study area from 2008 to 
2016. We then tested to what extent sociodemographic indicators of greater expected 
need for CHC services were associated with change in CHC accessibility between these 







Census tracts, which are subdivisions of counties that contain approximately 
1,200 to 8,000 people (114), were our unit of analysis, and census tract shapefiles were 
obtained from the 2010 U.S. Census. We included in our analysis all census tracts in the 
states of Arkansas (n=686), Louisiana (n=1,148), and Mississippi (n=664).  
We defined the population in need of CHC services as low-income, nonelderly 
(LINE) adults because they are most likely to be uninsured and therefore face financial 
barriers obtaining non-CHC care, and they make up the majority of CHC patients (7). We 
defined low-income as below 200% of the poverty level and nonelderly adults as between 
the ages of 18 and 64. Sociodemographic data at the tract level were obtained from 
American Community Survey (ACS) 5-year estimates. We set 2008 as our pre period, 
before passage of ARRA, and 2016 as our post period, after ACA implementation, and 
used ACS 2006-2010 and 2011-2015 estimates to approximate the number of LINE 
adults in each census tract in the pre and post periods, respectively.  
CHC data were acquired from HRSA, including geocoded addresses, facility type, 
and year opened for all CHC care delivery sites receiving Health Center Program funding 
through 2016. CHC sites that opened in or before 2008 were categorized as pre-
expansion. We included in our analysis only sites that provided primary care, served the 
general population, were actual physical locations, and were open year-round. We 
excluded other sites (e.g. homeless clinics, women’s health clinics, and correctional 




adults of a tract. CHC advocacy organizations in each state verified that sites met our 
inclusion criteria and that addresses were accurate.   
 
CHC accessibility estimates 
 
CHC accessibility was defined as the ratio of CHC sites-to-LINE adults at each 
census tract. We used the two-step floating catchment area (2SFCA) method (83) to 
obtain these ratios for all census tracts in 2008 and 2016. Previous studies have used 
2SFCA to investigate topics such as disparities in mammography capacity (85), the effect 
of primary care accessibility on preventable hospitalizations (87), and the impact of 
mammography clinic access on late stage breast cancer diagnosis and treatment (86).  
The 2SFCA first assigns a weight to each CHC site (site-to-population ratio) 
based on the number of people potentially using services in its service area. We defined 
service area as the area covered in a 30-minute drive time around each CHC site, a 
criterion HRSA uses to define a rational primary care service area (115). Service area 
was calculated using Network Analyst in ArcGIS Pro 2.0 (ESRI, Redlands, CA). The 
number of LINE adults living in the 30-minute service area was summed from census 
tracts whose population-weighted centroid fell within the service area. This initial step 
thereby assigned smaller weights to sites with more LINE adults in their service areas, 
representing that these sites were less accessible because they had more people 




The second 2SFCA step calculates geographic accessibility at each census tract 
by summing the weights (site-to-population ratios) of sites located within a specified 
travel distance from the census tract. We used Network Analyst to create a drive time 
distance band around each census tract representing a reasonable distance for residents in 
the tract to travel to obtain care. Whereas the travel time in the first step defined a CHC 
site’s service area, the travel time in this step defined tract residents’ willingness to travel 
for care.  
Rather than assume willingness to travel for care was the same across all census 
tracts, we categorized tracts into 4 willingness to travel groups-- low, moderate, high, and 
rural— and varied travel times accordingly. Limited information is available on 
willingness to travel for health care, so we reasoned that commuting patterns for 
employment may best estimate commuting patterns for health care, and therefore could 
help define travel groups. We evaluated several different categorizations of urban and 
rural areas (116) and chose Rural-Urban Commuting Area (RUCA) codes (117) to assign 
tracts into travel groups. The benefits of using RUCA codes for this purpose were that 
they apply to census tracts, rather than larger areas like counties, and they categorize 
tracts not only by degree of urbanization but also by commuting patterns of residents in 
the tract. 
We used ACS data on commute to work time (in minutes) to evaluate the best 
way to sort tracts into travel groups – by urbanization or commuting pattern designation. 
We examined average commute to work times (in minutes) for tracts in the study area by 




times were more similar by commuting pattern designation (core, high, low) than by 
urbanization designation (metropolitan, micropolitan, small town). Tracts with a “core” 
commuting pattern consistently had the lowest average commute to work time, tracts 
with a “high” commuting pattern consistently had moderate average commute to work 
time, and tracts with a “low” commuting pattern consistently had the highest average 
commute to work time. We therefore used RUCA commuting pattern designations to 
assign tracts to low, moderate, and high travel groups, respectively. We assigned tracts 
with a “rural” commuting pattern to their own travel group. 
Once tracts were categorized into willingness to travel groups, we determined the 
travel time distance band for each group by calculating the weighted average commute 
time for tracts in each group across all three states. We used that weighted average 
commute time as the reasonable distance for residents to travel for care. Specifically, we 
assigned travel distance bands of 23.5, 29.4, 32.3, and 29 minutes to tracts in low, 
moderate, high, and rural willingness to travel groups, respectively (see Appendix B, 
Table B.1 for more details).  
We then estimated the overall geographic accessibility of CHCs by summing the 
site-to-population weights of all CHC sites contained within each tract’s travel distance 
band. Higher accessibility values indicate better supply-side geographic access to CHCs, 







We used multivariable regression to assess to what extent tract-level indicators of 
greater expected need for CHC services were associated with change in CHC 
accessibility from 2008 to 2016. Change in CHC accessibility from 2008 to 2016 was our 
outcome. We chose 6 tract-level indicators for our predictors to represent greater need for 
CHC services: income, employment status, insurance status, race, ethnicity, and 
educational level. These sociodemographic characteristics have been associated with 
health care access disparities. We operationalized the 6 indicators as the proportion of 
LINE adults in each census tract who were 1) below poverty, 2) unemployed, 3) 
uninsured, 4) black or African American, 5) Hispanic, and 6) did not graduate high 
school. Data were obtained from ACS 2010-2014 estimates (see Appendix B, Table B.2). 
We included baseline CHC accessibility (value in 2008) as a covariate, and tested for 
collinearity among predictors by examining condition index and variance inflation factor 
values prior to running multivariable regression models. We retained all 7 predictors in 
the multivariable model because all variables were conceptually important and to control 
for potential confounding. 
We tested an ordinary least squares regression (OLS) model versus a spatial 
regression model to determine whether we should account for spatial autocorrelation 
among census tracts. Spatial autocorrelation occurs when census tracts that are closer in 
space (neighbors) are more likely to be similar than those that are farther apart. For 
spatial regression models, we examined several different spatial weights matrix 
specifications and determined that a first order, queen contiguity matrix was most 




boundaries shared edges or corners. We compared an OLS model and two types of spatial 
regression models – a spatial lag model and a spatial error model. A spatial lag model 
includes a spatially lagged outcome term, which represents the influence of the outcome 
in neighboring census tracts on the outcome in the census tract of interest. A spatial error 
model, on the other hand, treats spatial correlation as a nuisance and adjusts for it within 
the error term (118).  
We generally followed the approach set forth by Anselin (2005) for testing spatial 
regression models (119). First, we ran an OLS model and assessed the extent of spatial 
autocorrelation in the model’s residuals using the Global Moran’s I statistic. A high and 
statistically significant value of Moran’s I statistic indicates the presence of spatial 
autocorrelation, an indicator that spatial regression models should be explored. We tested 
a spatial lag and a spatial error model using the same specification of predictors and 
outcome we used for the OLS model. We compared the Akaike information criterion 
(AIC) values across the three models (OLS, spatial lag, and spatial error) to determine the 
model with the best fit. We performed these analyses in GeoDa version 1.12 (Center for 
Spatial Data Science, Chicago, IL) and SAS version 9.4 (SAS Institute, Cary, NC).  
 
Results 
Our analytical sample consisted of 2,468 census tracts out of 2,498; we excluded 
30 tracts (1.2%) because they were estimated to have no residents from 2010-2014 (e.g. 
the tract comprised only water or an airport). Characteristics of the tracts appear in Table 




compared to Louisiana and Mississippi tracts. Mississippi tracts had a higher average 
proportion of LINE adults who were unemployed, who did not have at least a high school 
diploma, and who identified as black or African American. Tracts in Arkansas had a 
higher average proportion of LINE adults identifying as Hispanic or Latino. The average 







Table 2.1: Sample characteristics 
 National 3 states of 
interest  
Arkansas Louisiana Mississippi p value* 
Sample size† (n) 72,291 2,468 684 1,127 657 n/a 
Below poverty, %‡ 























































Black or African 
American, % 













Less than high school, % 


































Notes: * p values represent ANOVA tests for significant differences in each predictor across the three states of interest: Arkansas, 
Louisiana, and Mississippi. We used p <0.05 as a threshold for statistically significant differences between states. 
† Sample includes only census tracts were total number of persons was greater than 0 in ACS 2010-2014 5-year estimates.  




CHC accessibility values, which represent the degree to which CHCs can be 
accessed from a census tract’s location, ranged from 0 (not accessible) to 12.65 (very 
accessible). The interquartile range of values fell between 0 and 0.63 in 2008 and 0.37 to 
1.25 in 2016.    
 
Changes in CHC accessibility after Health Center Program expansion (from 2008 to 
2016) 
 
Overall, median CHC accessibility increased by 192% across all census tracts in 
the study area, from 0.26 prior to Health Center Program expansion to 0.76 after Health 
Center Program expansion (Figure 2.1).  
Median CHC accessibility grew the most from 2008 to 2016 in Arkansas – from 0 
to 0.47 – followed by Louisiana and then Mississippi. Mississippi census tracts, however, 
started with the highest median CHC accessibility in 2008 (0.59) and ended with the 






Figure 2.1: Distribution of community health center (CHC) accessibility in Arkansas, Louisiana, 
and Mississippi census tracts in 2008 and 2016 
 
Notes: * CHC accessibility index represents the weighted number of CHC delivery sites per 
10,000 low-income, nonelderly adults within the specified travel band from the population-
weighted centroid of the census tract. The figure shows low, high, and median accessibility 
values excluding outliers, which we defined as larger than the 75th percentile by 1.5 times the 
interquartile range (less than 7% of values). 
 
Currently we do not know what CHC accessibility levels are optimal for 
community health. But, from an equity perspective we could reason that LINE adults in 
all census tracts should have at least some access to CHCs within a reasonable travel 
distance. Therefore, the number of census tracts with no CHC accessibility indicates the 




Overall, the number of census tracts with no CHC accessibility decreased by 
about 20 percentage points, from approximately 33% before Health Center Program 
expansion to 12% after (Figure 2.2). Arkansas had the largest drop, from 51% to 21%, 
and Mississippi had the lowest proportion of tracts with no CHC accessibility both before 
and after Health Center Program expansion (24% and 7%).  
 
Figure 2.2: Proportion of census tracts with no community health center (CHC) accessibility* in 
Arkansas, Louisiana, and Mississippi in 2008 and 2016 
 
Notes: * CHC accessibility represents the weighted number of CHC delivery sites per 10,000 
low-income, nonelderly adults within the specified travel band from the population-weighted 
centroid of the census tract. Tracts with no CHC accessibility had no CHC delivery sites located 
within the travel band we specified. We categorized tracts as high travel, moderate travel, low 
travel, and rural based on Rural-Urban Commuting Area codes and assigned travel bands of 23.5-
, 29.4-, 32.3-, and 29-minute drive time respectively according to average commute to work time 
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Small area variation in CHC accessibility by state (2008 and 2016)  
 
Figure 2.3 shows the extent of CHC accessibility before and after Health Center 
Program expansion (2008 and 2016) by census tract in Arkansas. Similar maps of 
Louisiana and Mississippi appear in Figures B.1a and B.1b in Appendix B.   
CHC accessibility before Health Center Program expansion was concentrated in 
the eastern-central region of the state, from the east of Little Rock to the state’s eastern 
border along the Mississippi River. CHC accessibility increased in the north-eastern 
region of the state from 2008 to 2016, while many areas in the western half of the state 
remained without any CHC accessibility from 2008 to 2016.  
 
Figure 2.3: Small area variation in community health center (CHC) accessibility in Arkansas by 
census tract, 2008 and 2016* 
 
Notes: * Values of CHC accessibility in this map are categorized according to quintiles of CHC 
accessibility across census tracts in Arkansas, Louisiana, and Mississippi in 2016. Darker colors 




Association between indicators of expected need and change in CHC accessibility from 
2008 to 2016 
 
The spatial error model had the best AIC fit statistic and adjusted for spatial 
autocorrelation, which we found to be present in the data. Results showed that, out of all 
predictors, only baseline accessibility was significantly associated with change in CHC 
accessibility (-0.0889, p <0.0001), meaning census tracts that had higher levels of CHC 
accessibility in 2008 gained less after Health Center Program expansion. We tested 
models for Arkansas, Louisiana, and Mississippi separately, allowing the relationships 
between predictors and outcome to vary by state. Our findings were consistent with 
results from the models combining all 3 states. In Louisiana, for example, baseline 
accessibility remained the only significant predictor, being negatively associated with 
change in CHC accessibility from 2008 to 2016 (-0.0583, p 0.0114). Appendix B, Table 
B.3 contains full results from OLS and spatial error models. 
 
Discussion 
Our study examined changes in CHC accessibility between 2008 and 2016 and 
documented how CHC accessibility was geographically distributed across census 
Arkansas, Louisiana, and Mississippi. We found that CHC accessibility practically 
doubled overall and that many tracts with no CHC accessibility in 2008 gained it by 
2016, demonstrating overall improvements in CHC accessibility and reductions in place-
based access disparities. However, we also found persistent accessibility gaps in certain 




sociodemographic indicators of greater expected need for CHC services were associated 
with greater gains in accessibility. These findings call attention to areas that may be 
targeted for intervention and urge us to evaluate the criteria used to decide where CHC 
sites are placed to promote equitable access to affordable care, particularly for groups 
most in need.    
Comparisons across these 3 states reveal that Arkansas had the largest overall 
gain in CHC accessibility, but also the highest proportion of census tracts with no 
accessibility in the post period. Even though the proportion of census tracts lacking CHC 
accessibility dropped considerably—from about 50% to 20%—one-fifth of census tracts 
in Arkansas still lacked CHC accessibility in 2016. In many cases, accessibility increased 
in Arkansas in areas where it already existed in 2008 rather than reaching new areas. This 
does not necessarily indicate an unfavorable finding; beyond having some basic level of 
CHC accessibility everywhere, we would expect services to be concentrated in areas with 
a greater expected need for CHC services. For example, we expected to find larger CHC 
accessibility gains in areas with more LINE adults who were uninsured because LINE 
adults without health coverage may face financial barriers obtaining care from non-CHC 
providers and therefore would be in greater need of CHC services. However, we did not 
find a significant association between indicators of greater need, including proportion 
uninsured, and CHC accessibility gains in Arkansas, suggesting that the areas where 
accessibility grew did not align with those we identified as having greater need based on 




Mississippi had slightly less growth than Arkansas in median CHC accessibility 
(from 0.59 in 2008 to 1.02 in 2016), but it markedly outperformed Arkansas and 
Louisiana in median CHC accessibility both before and after Health Center Program 
expansion. Whereas Arkansas and Louisiana had median levels of CHC accessibility at 0 
in 2008, Mississippi was already at 0.59. Additionally, it had the lowest proportion of 
census tracts lacking CHC accessibility in 2008 and in 2016. By 2016, only 6.7% of 
census tracts in the state lacked CHC accessibility compared to 21.35% in Arkansas and 
8.4% in Louisiana. Mississippi, therefore, had the fewest place-based disparities in CHC 
accessibility among the three states in that almost all census tracts had at least some CHC 
accessibility in 2016.  
Of note, Mississippi showed the highest levels of CHC accessibility and widest 
penetration of CHC accessibility, yet it was the only state in our analysis that did not 
expand Medicaid. One might expect the two initiatives, increasing CHC accessibility and 
expanding Medicaid eligibility, to be adopted together and roughly to the same extent 
because they work toward similar goals of expanding health care access for LINE adults. 
A plausible explanation for this seeming contradiction is that Mississippi focused 
attention on locating CHC sites, which provide care regardless of ability to pay, in a way 
that enhanced geographic access to care in lieu of expanding financial access by raising 
Medicaid eligibility thresholds. Access to care still expanded, just in a different way. 
Expanding CHCs is consistent with Mississippi’s long history of supporting CHCs — in 
fact, one of the first CHCs in the country was located in Mound Bayou, MS (120). 




research exploring changes in CHC accessibility by states’ Medicaid expansion status 
could inform whether Mississippi is a unique case or if states that declined Medicaid 
expansion are devoting more attention to optimizing geographic accessibility of CHCs 
than states that accepted Medicaid expansion, thereby expanding health care access for 
LINE adults geographically rather than financially.      
The caveat that Mississippi had the highest median CHC accessibility overall and 
the fewest place-based disparities, but it ranks the lowest of the three states on health 
indicators could raise questions about what better CHC accessibility means for improving 
health outcomes. One possible explanation for this misalignment is the time lag between 
improved CHC accessibility and the effect it has on community health. It could take a 
few years for a CHC site to reach full operational capacity after it opens, for the patients 
to develop a usual source of care, and for the site to create meaningful ties that promote 
community health. Therefore, the potential health benefit of increased CHC accessibility 
may not be fully realized for several years. The data we found on state health rankings 
only go back to 2013, a year in the thick of Health Center Program expansion, and the 
rankings aggregate indicators at the state level, masking geographic variation within 
states. Further research is needed to study the longitudinal effect of changes in CHC 
accessibility on community health, particularly examining variation at the census tract 
level. 
 Our finding that sociodemographic indicators of greater expected need for CHC 
services were not associated with gains in CHC accessibility could point to shortcomings 




areas suitable for a CHC placement, the index of medical underservice, is predominantly 
measured at the county level. In Arkansas, Louisiana, and Mississippi, almost all counties 
(84% to 95% across the three states) meet HRSA’s definition of a medically underserved 
area and eligible for CHC site placement (122).  Identifying such broad areas within the 
state limits medically underserved areas’ utility for state and local planning. HRSA has 
made progress in overcoming these drawbacks by making available a mapping tool, the 
UDS Mapper, that incorporates limited sociodemographic characteristics and some basic 
accessibility indicators to assist with CHC service delivery planning (123). Use of census 
tract-level data and the GIS-based approaches used in this analysis to complement the 
UDS Mapper could strengthen identification of areas of need of CHC services.  
Beyond the data used for planning, another possible explanation for why we did 
not find an expected association between indicators of greater expected CHC need and 
gains in CHC accessibility is due to the fact that the criteria HRSA uses for index of 
medical underservice differs from the 6 sociodemographic indicators we used in this 
study. The index of medical underservice is a composite measure of number of health 
care providers per 1,000 people; percent of population at the federal poverty level; 
percent of the population at or above 65 years old; and the infant mortality rate (31). On 
the other hand, we chose indicators of subgroups known to experience health care access 
disparities with respect to employment status, insurance status, race, ethnicity, and 
educational attainment. We attempted to evaluate the potential for geographic placement 
of CHCs to reduce access disparities across subgroups, but realize this might not 




our indicators of need and CHC accessibility gains, we would expect HRSA’s index of 
medical underservice values to strongly predict CHC accessibility gains. Still, 
opportunities exist to incorporate additional data points into the index of medical 
underservice if we are to improve access disparities among sociodemographic groups.  
Our analysis has several limitations. First, we assumed CHC site capacity was 
uniform. CHC capacity data, such as the number of full-time equivalent providers, was 
not available by site. Research suggests, however, that the mere existence of a CHC is 
associated with positive effects on health among those in the surrounding area (30). We 
therefore assert that CHC accessibility, regardless of CHC capacity, is independently 
important for community health. Second, ACS estimates may over- or under-estimate the 
number of LINE adults with certain characteristics living in a census tract at particular 
point in time. Use of 5-year estimates, however, guards against volatility of the estimates; 
they purportedly are stable estimates of sociodemographic characteristics of census tracts 
over the 5-year period (124). Third, we included in the analysis only CHC sites that serve 
the general population, and thereby may have underestimated CHC accessibility for 
certain groups such as women and persons who are homeless. Fourth, we defined site 
service areas to be a 30-minute drive from their location, but sites may serve people 
living in a larger perimeter. We decided to use HRSA’s criteria for a rational service area, 
but recognize a larger service area could be more appropriate in this region of the country 
with many rural areas. We also approximated willingness to travel based on average time 
to commute to work, but we cannot be sure if willingness to travel for primary care is 




capture other sources of primary care LINE adults may use beyond CHCs, like hospital 
outpatient departments and private providers. Therefore, some areas with low CHC 
accessibility may have high accessibility for non-CHC primary care providers. CHCs are 
different from these other sources, however, in that they provide care regardless of 
insurance lapses, offer robust ancillary services, and are often entrenched in local culture, 
which better positions CHCs to reduce health disparities for low income populations 
compared to hospital outpatient departments and private providers. A separate but related 
point is that we did not include a measure of primary care provider (PCP) supply as a 
covariate in our regression model. Insufficient PCP supply, as determined by HRSA, is 
one criterion HRSA uses to designate areas as underserved and therefore eligible for 
CHC placement. Therefore, PCP supply could potentially be inversely related to change 
in CHC accessibility, regardless of other factors. Future studies should consider including 
a measure of PCP supply as a potential confounder. Finally, our analysis only examined 
three states so our results are not generalizable to the South or the nation. However, 
highlighting small area variation in accessibility within this 3-state area could prove 
useful for state and local decision makers in Arkansas, Louisiana, and Mississippi, and 
evidence on the trends in these states may warrant additional research including other 




Community health center accessibility is an understudied facet of health care 




Health Center Program. These improvements may help curb health disparities by 
increasing access to affordable care, particularly in states where expansion of health 
coverage remains controversial. However, current threats to extension of the Community 
Health Center Fund could reverse these gains if some CHC sites are forced to close. 
Ensuring equitable CHC accessibility within states requires continued support for CHCs. 
Additionally, this study demonstrated application of a more refined method of measuring 
CHC accessibility that highlights small area variation and is feasible to use. State-level 
health planners should increase use of census tract-level data and similar GIS-based 





CHAPTER 3: COMMUNITY HEALTH CENTER ACCESSIBILITY AND PRIMARY 





Community health centers (CHCs) are important sources of primary care for the 
nation’s poor and underserved. CHCs provide care to patients regardless of ability to pay 
(4,38,43), and federal grants from the Health Resources and Services Administration 
enable them to serve a large share of Medicaid and uninsured patients (1,5). CHCs are 
spread across the U.S., but many are concentrated in inner cities and rural areas due to 
their charge to provide care to underserved populations (22). CHCs serve a patient 
population that is poorer and sicker than those who receive care from private providers 
(125,126), however, they demonstrably provide high quality care that reduces health 
disparities (28). Furthermore, CHCs follow a model of community-oriented primary care, 
whereby community participation and engagement is a key ingredient in assessing health 
problems affecting the local community and designing interventions (3). This type of 
practice model positions CHCs to help promote population health in their local 
communities. 
Geographic accessibility of CHCs (CHC accessibility) has been positively 
associated with primary care access and utilization in a number of studies (74,77,79,92), 
but these studies vary in the way they conceptualize and measure CHC accessibility. 
Generally, CHC accessibility is the relative ease with which CHCs can be reached from a 




accessibility. First is a measure of CHC presence. This is the crudest measure of CHC 
accessibility that uses a dichotomous (yes/no) variable to indicate whether a CHC resides 
in specified geographic area, such as a county. Both Epstein (77) and Probst and 
colleagues (92), for example, found that CHC presence was associated with fewer 
preventable hospitalizations-- a validated outcome measure of primary care access (76). 
Second is a ratio of the number of CHCs per number of people, or clinic-to-population 
ratio, in a specified area. Brown (79), for example, found that low-income, nonelderly 
adults living in a metropolitan statistical area with a higher CHC-to-population ratio had 
a 1.2 higher odds of having a medical visit in the past year. Third is proximity to the 
nearest CHC, commonly measured as distance in miles. Hadley and Cunningham (74), 
for example, examined distance to safety net clinics, including CHCs, and the odds of 
having an ambulatory care visit, and found that uninsured adults were more likely to have 
a general medical visit in the past 12 months and less likely to have had an emergency 
room visit as distance to CHCs decreased. More modern approaches of measuring 
accessibility of health care services combine clinic-to-population ratios and proximity 
into more precise estimates that overcome several limitations inherent in each individual 
measure (71,73,99), but to our knowledge, these methods have not been used to study 
CHC accessibility. 
Additionally, almost all existing studies that examine CHC accessibility focus 
only on how access and utilization are affected for low-income populations. Low-income 
populations face greater barriers accessing health care (127) and generally have worse 




CHC patients (1,125). But, several recent studies suggest that CHC accessibility 
improves access, utilization, and health more broadly. For example, Fishman et al. found 
that, among a broad sample of patients in Chicago, those living in zip codes with greater 
public clinic accessibility, many of which were CHCs, had lower odds of preventable 
hospitalizations (87). And Bailey and Goodman-Bacon studied the effect of CHC 
establishment on age-adjusted mortality and found that mortality was lower in counties 
where CHCs were established compared to control counties (30). Therefore, even though 
CHCs are geared toward serving low-income populations, their benefits on health may 
spread through the larger community. This certainly aligns with the focus on population 
health entrenched in the practice of community-oriented primary care (21), which is the 
bedrock of the CHC model.    
CHC accessibility could improve broad-based primary care utilization (PC 
utilization) through several direct and indirect pathways. First, greater CHC accessibility 
might directly improve PC utilization among the population most likely to obtain their 
care at CHCs – low-income, nonelderly adults (74,79). More low-income, nonelderly 
adults are likely to use care at CHCs if CHCs are more accessible. This direct effect on 
utilization among low-income, nonelderly adults may have indirect, or spillover, effects 
on others in the community with whom these individuals share information and by 
shaping social norms (129,130). Therefore, increasing CHC accessibility for one group 
can indirectly impact the PC utilization patterns of others in the community. An 
additional indirect pathway of CHCs’ effect on PC utilization stems from the prevention 




are known to sponsor events like walks and runs, health fairs, and prevention screening 
awareness campaigns, and engage in activities that target social determinants of health 
(25,26). These efforts could influence PC utilization patterns among all adults in 
proximate communities; they do not solely target low-income, nonelderly adults, but 
rather the community at large.  
 Current research on CHC accessibility’s association with primary care access and 
utilization has three gaps. First, no study to date uses advanced, geographically-based 
approaches to measure CHC accessibility. Second, the majority of current studies use 
preventable hospitalizations as an outcome measure, rather than focusing on more short-
range measures of primary care access and utilization, such as having a routine medical 
visit in the past year. Third, most studies evaluate the effect of CHC accessibility on the 
low-income population, overlooking the potential impact CHCs could have on PC 




We used the model presented by Khan and Bhardwaj (90) to study the 
relationship between CHC accessibility, a measure of potential access to primary care, 
and PC utilization, a measure of realized access to primary care (Figure 3.1). We also 
examined several barriers and facilitators that might moderate this relationship. This 
study specifically addresses the domains in the model outlined in green.  
Potential access refers to the availability of services that enables individuals to 




promoting health services utilization, but many other factors contribute to the extent to 
which those services are used even if they are readily available (91). Realized access, on 
the other hand, refers to the actual utilization of services or indications that health 
services are being used (90). Individuals’ report of having a routine medical visit in the 
past year or health care visit frequency are examples of measures of realized access 
(131).  
Barriers or facilitators can hinder or enhance the relationship between CHC 
accessibility and PC utilization. Two main factors that could distort this relationship are 
1) the supply of primary care providers (PCP supply) and 2) median household income in 
the surrounding area, both of which act on the direct pathway between CHC accessibility 
and PC utilization among low-income, nonelderly adults rather than on the indirect 
pathway of promoting utilization through community outreach and engagement. 
Specifically, insufficient PCP supply could prevent individuals from using care if there 
are not enough providers in an area to meet demand (132,133), even if CHC accessibility 
is high. Alternatively, greater PCP supply has been associated with favorable use of 
health care services as demonstrated by earlier detection of breast cancer (86,134) and 
fewer preventable hospitalizations (135), therefore greater CHC accessibility in 











Median household income is a contextual factor that could moderate the 
association between CHC accessibility and PC utilization in that CHCs could provide a 
larger share of care in areas with lower median household income (136). If CHCs provide 
much of the care in areas with lower median household income, we could expect the 
association between CHC accessibility and PC utilization to be stronger than in areas 
with higher median household income where CHCs may provide less care. In areas with 
higher median household income, a higher proportion of residents may disproportionately 
receive care from non-CHC sources, such as private providers. Therefore, the association 
between CHC accessibility and PC utilization may be less pronounced or disappear 
completely as median household income increases.   
Objectives 
 
The objectives of this study were to: 
1. Quantify the association between CHC accessibility and PC utilization in urban 
areas in three Southern U.S. states;  
2. Examine the extent to which PCP supply and median household income of the 
surrounding area moderate the association between CHC accessibility and PC 
utilization. 
 
We hypothesized that CHC accessibility is positively associated with PC utilization. 
Additionally, we expected that the association between CHC accessibility and PC 
utilization would increase as PCP supply increases, and that the association between 









This study included three Southern U.S. states — Arkansas, Louisiana, and 
Mississippi. We selected these three states because they were contiguous, contained areas 
known to experience substantial health disparities (137), and stood to benefit from any 
information that could help inform interventions to improve state health indicators (113). 
These states also contained a high proportion of low-income residents, who were 
therefore potential CHC patients.   
 
Data sources and sample 
 
Data for estimating CHC accessibility came from the Health Resources and 
Services Administration (HRSA) and the American Community Survey (ACS). HRSA 
maintains data on all CHC service delivery sites across the country, including site 
address, geographic coordinates of location, year the site opened, and type of services 
provided. We used these data to map CHC service delivery sites that provide primary 
care to a general population of adults. We excluded mobile clinics, dental and behavioral 
health clinics, and sites that cater to specific rather than general populations, such as 
homeless clinics and women’s only clinics. We excluded the latter group of clinics to 




census tracts. For example, including women’s only clinics could overstate CHC 
accessibility for men living in a nearby census tract for whom those clinics are not 
accessible. However, the clinics that were excluded on this basis made up only a small 
proportion of sites that met our other inclusion criteria — 12% in Arkansas (11 of 98), 
5% in Louisiana (6 of 113), and 5% in Mississippi (6 of 112). 
We used ACS 5-year estimates for the number of people living in and 
sociodemographic characteristics of census tracts, which were our unit of analysis. 
Census tracts are subunits of counties that contain approximately 2,000 people (114), and 
are roughly equivalent to neighborhoods in urban areas.  
We obtained census tract-level data on PC utilization for urban census tracts in 
Arkansas, Louisiana, and Mississippi from the 500 Cities Project (138). The 500 Cities 
Project is a collaboration between Robert Wood Johnson Foundation and the Centers for 
Disease Control and Prevention that provides data for 27 health measures at the census 
tract level in the 500 largest cities across the country, which encompass approximately 
28,000 census tracts nationally (out of a total of approximately 73,000). Small area 
estimation techniques are applied to Behavioral Risk Factor Surveillance Survey 
(BRFSS) data to get reliable estimates of health measures at the census tract level (139). 
These estimates have been shown to exhibit good internal and external consistency 
(140,141). We used the census tract-level data from the 500 Cities 2016 release, which 
used source data from 2013 and 2014 BRFSS. We used these estimates because much of 
the source data were collected before Medicaid expansion took effect in Arkansas in 




our outcome measure. 
Our analytical sample consisted of 573 census tracts located in Arkansas (n=120), 
Louisiana (n=377), and Mississippi (n=76) that were available in the 500 Cities dataset, 




Our outcome measure of PC utilization was the estimated proportion of 
respondents in the census tract 18 years of age or older who reported having been to a 
doctor for a routine checkup (e.g., a general physical exam, not an exam for a specific 
injury, illness, condition) in the previous year.  
 
Main predictors – measures of CHC accessibility 
 
We measured CHC accessibility in two separate ways to account for the potential 
direct and indirect pathways through which CHC accessibility could be associated with 
PC utilization. To account for the potential direct pathway between CHC accessibility 
and PC utilization among the population most likely to use CHC services — low-income, 
nonelderly adults — we estimated the number of CHCs per 10,000 low-income, 
nonelderly adults from each census tract’s location in 2013 using the two-step floating 
catchment area method (2SFCA) (83,142). A full description of the method can be found 
in source documentation (83,142), but a brief description of our application follows.  




weights to each CHC site. We defined geographic service areas around CHCs equal to a 
30-minute drive from the CHC’s location and added the number of low-income, 
nonelderly adults in census tracts whose population-weighted geographic center 
(centroid) fell within the service area. We defined low-income, nonelderly adults as those 
between the ages of 18 and 64, which is an age bracket largely uncovered by public 
insurance programs for children or the elderly and therefore likely to rely on CHCs for 
care, with incomes below 200% of the federal poverty level, which comprises 92% of the 
CHC patient population (7). A CHC site that had more potential patients in its service 
area received a smaller weight than one that had fewer potential patients, signifying it 
was less accessible because it had more potential patients to serve.  
For the second step of the 2SFCA method, we added the clinic-to-population 
weights for all CHCs contained within a reasonable travel distance from each census 
tract’s location. We determined reasonable travel distance by first using Rural-Urban 
Commuting Area (RUCA) codes (117) to group census tracts into 4 rural-urban 
continuum categories, which we used to vary the distances. We then assigned the average 
commute to work (in minutes), obtained from ACS, for tracts in each of the 4 categories. 
Specifically, we assigned reasonable travel distances of 23.5, 29.4, 32.3, and 29 minutes 
to tracts in the 4 rural-urban continuum categories, respectively. 
We used Network Analyst n ArcGIS Pro to draw these geographic travel distance 
bands around census tracts, then sum the weights for CHCs contained within these 
distance bands. The resulting value represented the weighted number of CHCs per 10,000 




accessibility metric were continuous numbers, where a value of 0 indicates no CHCs 
present within the tract’s reasonable travel distance band. Higher values indicate greater 
geographic access to CHCs.  
To account for the potential indirect pathway between CHC accessibility and PC 
utilization among the broad population in the surrounding area, we measured the straight-
line (Euclidean) distance from the centroid of each census tract to the nearest CHC site in 
meters. We reasoned that the benefits of CHCs on the broad population would increase as 
distance to nearest CHC decreased, i.e. being closer to a CHC would be independently 
and significantly associated with PC utilization. 





We tested median household income for residents in the census tract and PCP 
supply as moderators in the direct pathway between CHC accessibility and PC utilization. 
We did not test these factors as moderators in the indirect pathway between CHC 
accessibility and PC utilization because we would not expect the effect of CHCs’ work to 
promote health and wellness in the local community to be impacted by either factor.  
We obtained the measure for median household income directly from ACS 5-year 
estimates from 2010-2014. Additionally, we defined PCP supply as the ratio of primary 
care physicians and nurse practitioners to total population within a reasonable travel 




primary care physicians in each census tract (source data from the American Medical 
Association Masterfile, 2010) and full-time equivalent, clinically active primary care 
nurse practitioners (source data from the Center for Medicaid and Medicare Services 
Provider Identifier data, 2012) in each census tract from HRSA’s Data Warehouse. 
Primary care physician values were not reported as full-time equivalent proportions 
whereas nurse practitioner values were, so we assumed all physicians practiced full-time. 
We assigned providers to the census tract centroid because the data did not contain 
provider addresses. We calculated PCP supply by taking the total number of primary care 
physicians and nurse practitioners divided by the total population for all census tracts 
whose centroid fell within the reasonable travel distance from the tract’s centroid. We 
used the same reasonable travel distance bands we defined for each census tract for the 
direct CHC accessibility metric. The resulting value was multiplied by 10,000 to get the 
number of PCPs per 10,000 people within a reasonable travel distance from each tract. 
Other studies have used a similar approach to calculate PCP supply (143). We used 




We adjusted for census tract-level characteristics we expected to confound the 
relationship between CHC accessibility and PC utilization or to directly influence PC 
utilization informed largely by the model put forth by Davidson et al. (91). Davidson 
describes the proportion of the population dependent on safety net services, such as 




as community-level determinants affecting health care access (91). We therefore included 
as covariates the proportion of low-income, nonelderly adults to total adults in the tract 
because this is the population most reliant on CHCs, proportion of uninsured adults, and 
proportion of adults receiving Medicaid coverage. Other research has shown proportion 
of those who are unemployed is associated with decreased odds of having a routine 
medical visit in the past year, while per capita income is associated with increased odds 
of having a routine medical visit in the past year (144). Therefore, we also included 
proportion of unemployed adults and the proportion of adults in poverty as covariates. 
We included proportion of households with access to a vehicle as another covariate 
because lower vehicle ownership in an area has been associated with health service non-
completion (145). Furthermore, disparities in rates of receipt of health care treatment 
have been found in areas with higher proportions of minority populations and lower 
educational attainment (146), and therefore we included proportion of adults identifying 
as black or African American, proportion of adults identifying as Hispanic, and 
proportion of adults who graduated high school as covariates. Finally, we included 
median age as a covariate because we expected census tracts with a higher median age 
would have a greater need for health care and therefore higher rates of PC utilization 




We used multivariable linear regression to assess the association between the 




dependent variable and the two CHC accessibility metrics as primary independent 
predictors. 
Our analysis approach was as follows. First, we examined descriptive statistics for 
all variables and bivariate associations between each predictor and the outcome to get a 
sense of variable distributions and general relationships. Next we generated a correlation 
matrix for all variables and noted the variables for which Pearson correlation coefficients 
were greater than or equal to 0.7, which could indicate potential multi-collinearity in the 
multivariable model. We then examined collinearity among predictor variables by 
evaluating condition index and variance inflation factor (VIF) values. We were 
particularly interested in ensuring our three distance-containing measures — the two 
CHC accessibility metrics and PCP supply — were not collinear and were appropriate to 
include together in the model. We iteratively dropped variables with the highest VIF 
values until all VIF and condition index values were below 5.   
We included the remaining variables in the model and inserted each interaction 
term — 2SFCA CHC accessibility and median household income and 2SFCA CHC 
accessibility and PCP supply — one at a time, then together if both met our threshold for 
statistical significance when inserted separately. We then dropped any covariates from 
the model that did not meet our predetermined threshold for statistical significance.   
We performed analyses with SAS version 9.4 (Cary, NC). We defined an a priori 






Table 3.1 shows the characteristics of census tracts included in our sample. On 
average, the proportion of adults reporting having a routine checkup in the past 12 
months was 73.3% with a range of 53% to 82%. Tracts in the sample had a high 
proportion of people living in poverty (26% vs. 14.5% nationally in 2013 (147)). The 
average median household income was about $200 above the federal poverty rate for a 
family of 4 in 2014 (148), and low-income, nonelderly adults comprised approximately 
37% of total adults in these census tracts. Therefore, the tracts included in this analysis 
were disproportionately low-income, and more than a third of adults were between the 
ages of 18-64 and earned below 200% of the federal poverty level, which fits the typical 
profile of a CHC patient. The average proportion of those identifying as black or African 
American was 48% and the average identifying as Hispanic was about 6%. The average 
distance from the census tract to the nearest CHC was approximately 5 kilometers, or 
about 3 miles. Average CHC accessibility using 2SFCA was 0.6 CHCs per 10,000 low-





Table 3.1. Urban census tract characteristics in Arkansas, Louisiana, and Mississippi (n=573)  
Variable (all at census tract level) 
3 states (n=573) 
Mean (SD)                                                
Outcome – realized access       
Proportion of adults reporting a routine checkup in the past year (%) 73.3 (5.4) 
Accessibility measures – potential access  
CHC accessibility – 2SFCA method  0.6 (0.4) 
CHC accessibility - Distance to nearest CHC from census tract 
centroid (kilometers) 
5.17 (4.4) 
Moderators and covariates – barriers and facilitators  
Median household income ($) 24,042.9 (10,162.5) 
Primary care provider supply  
(Primary care MDs and NPs per 10,000 people) 12.3 (2.3) 
Proportion of adults who are low-income, nonelderly (%) 37.0 (17.1) 
Proportion uninsured (%) 26.3 (11.6) 
Proportion receiving Medicaid (%) 24.4 (14.0) 
Proportion unemployed (%) 10.1 (6.6) 
Proportion in poverty (%) 25.6 (14.8) 
Proportion of households with access to a vehicle (%) 87.0 (12.2) 
Proportion black or African American (%) 48.1 (35.2) 
Proportion Hispanic or Latino (%) 6.3 (8.6) 
Proportion who graduated high school (%) 83.6 (10.9) 
Median age (years) 35.5 (6.3) 
 
 Our examination of correlation among predictors revealed that none of our 
distance measures — the two CHC accessibility metrics and PCP supply — were highly 
correlated as determined by having Pearson correlation coefficients below 0.7. In fact, 




multi-collinearly problems when including them together in the multivariable model. We 
did, however, find Pearson correlation coefficients greater than 0.7 among several 
covariates, including the proportion of low-income, nonelderly adults to total adults, 
median income, percent below poverty, and percent receiving Medicaid. This was 
understandable, as each of these variables is a proxy for an income-based measure.  
Table 3.2 reports results of the multivariable model examining the association 
between CHC accessibility and PC utilization and the moderating effects of median 
household income and PCP supply on 2SFCA CHC accessibility. As expected, as 
distance from the census tract to nearest CHC increased, the rate of routine checkups 
decreased. Specifically, for each kilometer increase in distance between the census tract 
centroid and the nearest CHC, the proportion of adults in the tract with a routine checkup 
in the past year decreased by 0.2%. Additionally, we found that the proportion of people 
identifying as black or African American in the census tract was associated with higher 
rates of routine checkups, whereas the proportion identifying as Hispanic or Latino was 
associated with lower rates of routine checkups. Proportion of households with access to 
a vehicle was positively associated with rates of routine checkups, and as we expected, 
higher median age was associated with higher rates of routine checkups.    
We found that median household income and PCP supply both were statistically 
significant effect modifiers on 2SFCA CHC accessibility. Regarding the moderating 
effect of median household income, we found that greater 2SFCA CHC accessibility was 
associated with higher rates of routine checkups among adults as median household 




2SFCA CHC accessibility was associated with higher rates of routine checkups as PCP 
supply increased.   
 
Table 3.2. Adjusted estimates of the association between community health center (CHC) 
accessibility and proportion of adults reporting having a routine checkup in the past 12 months in 
urban census tracts in Arkansas, Louisiana and Mississippi (n=573) 
 Estimate 95% CI P value 
Intercept 59.06 54.89 – 63.23 <0.0001 
CHC accessibility – 2SFCA method -2.36 -6.86 – 2.15 0.30 
CHC accessibility - Distance to nearest CHC from 
census tract centroid (kilometers) 
-0.21 -0.29 - -0.16 <0.0001 
Median household income ($1,000) 0.21 0.15 – 0.27 <0.0001 
Primary care provider supply - Primary care MDs and 
NPs per 10,000 people -0.74 -0.92 - -0.55 <0.0001 
Proportion of households with access to a vehicle (%) 0.06 0.03 – 0.09 <0.0001 
Proportion black or African American (%) 0.12 0.11 – 0.13 <0.0001 
Proportion Hispanic or Latino (%) -0.12 -0.16 - -0.09 <0.0001 
Median age (years) 0.25 0.20 – 0.30 <0.0001 
Moderating effects on 2SFCA CHC accessibility metric 
Median household income*2SFCA CHC accessibility -0.10 -0.18 - -0.02 0.01 
PCP supply*2SFCA CHC accessibility 0.40 0.07 – 0.73 0.02 
Note: R-square = 0.69 
 
We isolated a subgroup of census tracts with median incomes at or below 200% 
of the federal poverty level for a family of 3 in 2014 (average household size for the 




highest quartile of the distribution to examine the association of 2SFCA CHC 
accessibility and PC utilization further (Table 3.3). Within this subgroup of low-income, 
high PCP supply tracts, every 1-unit increase in 2SFCA CHC accessibility was associated 
with almost 4 percentage point higher rate of routine checkups. Additionally, the 
association between distance to nearest CHC and routine checkup rate remained about the 
same as for the full sample — every one kilometer increase in distance to nearest CHC 
was associated with an approximate drop in routine checkup rates of 0.2%. Furthermore, 
higher routine checkup rates were associated with higher proportion of households with 
access to a vehicle, higher proportion of residents identifying as black or African 
American, and median age, and lower routine checkup rates were associated with higher 
proportion of residents identifying as Hispanic or Latino.   
 
Table 3.3. Adjusted estimates of the association between community health center (CHC) 
accessibility and proportion of adults reporting having a routine checkup in the past 12 months in 
urban census tracts in Arkansas, Louisiana & Mississippi with median household income less 
than or equal to 200% federal poverty level and in highest quartile of primary care provider (PCP) 
supply (n=126) 
 Estimate 95% CI P value 
Intercept 45.79 37.87 – 53.72 <0.0001 
CHC accessibility – 2SFCA method 3.65 2.10 – 5.21 <0.0001 
CHC accessibility - Distance to nearest 
CHC from census tract centroid (kilometers) -0.19 -0.33 - -0.05 0.009 
Proportion of households with access to a 
vehicle (%) 
0.15 0.08 – 0.21 <0.0001 
Proportion black or African American (%) 0.08 0.06 – 0.10 <0.0001 
Proportion Hispanic or Latino (%) -0.19 -0.25 - -0.13 <0.0001 
Median age (years) 0.26 0.17 – 0.34 <0.0001 





This study examined the association between CHC accessibility and PC 
utilization among adults in urban census tracts in 3 Southern states. We looked at the 
influence of two accessibility metrics, representing direct and indirect pathways by which 
CHCs may influence PC utilization, and studied the association of both metrics 
simultaneously with PC utilization. We found that distance to nearest CHC was 
negatively associated with rates of routine checkups. Specifically, routine checkup rates 
were 0.2% higher with every 1 kilometer decrease in distance between the census tract 
centroid and the nearest CHC after controlling for CHC accessibility estimated by the 
2SFCA method. Additionally, we found that the association between CHC accessibility 
measured by the 2SFCA method, which indicated the relative accessibility of CHCs 
within a reasonable travel distance from the census tract’s location, and the rate of routine 
checkups depended on 2 other factors – PCP supply and median household income in the 
surrounding area. The association between 2SFCA CHC accessibility and routine 
checkups was greater in lower-income census tracts and in tracts with a greater PCP 
supply. In lower-income census tracts with a high relative PCP supply, a 1-unit increase 
in 2SFCA CHC accessibility was associated with 4% higher rates of routine checkups.  
Our finding of higher routine checkup rates with decreasing distance to nearest 
CHC suggests that CHC proximity could contribute to improving PC utilization in 
surrounding communities. This finding aligns with earlier studies that found closer 
distances to CHCs were associated with increased ambulatory care use and decreased 




services are, the more likely patients are to use them is not in itself all that surprising and 
has been shown in other studies (149), however, what was unique about this study was 
our emphasis on examining PC utilization among all adults in a census tract rather than at 
the individual patient level. In this way, the implications of these findings suggest that 
routine checkup rates are higher in census tracts - roughly equivalent to neighborhoods - 
that are closer to CHCs. Furthermore, we did not measure to what extent people living in 
tracts are getting their routine checkups at CHCs, although we expect some individuals 
do. Rather, this finding could speak to the outreach and health promotion work some 
CHCs are doing in their local communities (26) that could encourage or remind residents 
to get their routine checkups, either at the local CHC or through another provider. We did 
not test these specific pathways, but this is an avenue for future research.  
Our finding that the association between 2SFCA CHC accessibility and routine 
checkup rates varied based on median household income was consistent with what we 
expected. CHCs disproportionately serve low-income patients in low-income areas. We 
therefore expected that the association between 2SFCA CHC accessibility and PC 
utilization would become less pronounced as median household income increased. A 
common thread in existing research on CHC accessibility and utilization using different 
CHC accessibility measures is that higher levels of CHC accessibility are associated with 
higher access, PC utilization, and better health outcomes among low-income groups 
(77,79,92). Our findings add to this expanding body of research and contribute similar 
findings using a new measure of CHC accessibility that has not been previously tested.  




accessibility and annual checkup rates varied according to PCP supply, the strength of 
this relationship was unexpected. Our sample included census tracts from predominantly 
urban areas, whereas challenges attracting and retaining an adequate supply of PCPs is 
most often reported in rural areas (150,151). The moderating relationship found in our 
results – as PCP supply increases, the association between CHC accessibility and rates of 
routine checkups grows larger – is sensible. Lack of PCPs poses a major obstacle to 
meeting the local demand for primary care (151) regardless of the level of CHC 
accessibility.  
This study makes two methodological contributions to existing research. First, it 
demonstrates the feasibility of using data from the 500 Cities Project for research. This 
dataset is available publicly, contains 27 measures of health in several categories, 
provides estimates of health indicators at the census tract level, and plans to provide 
longitudinal data in the years ahead. There exists substantial potential to use these data 
for research and evaluation, particularly by conducting analyses at the census tract 
geographical unit. Second, our study used modern, GIS-based measures of CHC 
accessibility, to examine the relationship between CHC accessibility and rates of PC 
utilization. This approach extends the work done by other researchers in the past using 
less refined CHC accessibility measures.  
Aside from the strengths of this study, several limitations should be noted. First, 
our sample focused only on census tracts associated with the largest cities in the three 
states we examined. As a result, these findings are not generalizable to other area types in 




areas. Second, we focused our analysis on only one aspect of PC utilization, the rate of 
adults receiving a routine checkup. Future studies should examine if these relationships 
hold with other measures of PC utilization, such as the rate of adults with a usual source 
of care or who have a PCP. Third, we restricted our study to evaluating CHC accessibility 
and did not include other providers of primary care, such as private providers and 
hospital outpatient departments. However, the objective of this study was to examine the 
influence of CHC accessibility in particular, and we did consider other PCP providers in 
the area by including a measure of PCP supply. However, some areas that had low CHC 
accessibility according to either metric may have had high accessibility for other types of 
primary care that our analysis did not capture. Fourth, this is a cross-sectional study, 
therefore, we have no information on the directionality of these associations, and we 
cannot infer causality.  
Finally, CHCs predominantly cater to low-income populations, and our outcome 
measure comprised all adults in the census tract. We believe CHCs have benefits for 
groups beyond those most likely to use CHCs, and assessing the association between 
CHC accessibility and PC utilization among all adults is a potential strength of this study 
in that it considers the relationship between accessibility and community indicators of 
utilization. This approach thereby stretches beyond examining how CHC accessibility 
relates to utilization for individual patients, and attempts to articulate a pathway between 
CHC accessibility and PC utilization at the community level.  
In conclusion, this study found that distance to nearest CHC is inversely related to 




positively associated with routine checkup rates particularly in census tracts with low 
median household incomes and greater PCP supply. These findings strengthen the 
optimism that recent expansion of CHCs to underserved areas across the country could 
contribute toward increased primary care utilization that subsequently improves 





CHAPTER 4: ASSESSING DIFFERENTIAL CHANGE IN COMMUNITY HEALTH 
CENTER ACCESSIBILITY ACROSS CENSUS TRACTS IN MEDICAID EXPANSION 




The Affordable Care Act’s Medicaid expansion extended health insurance 
coverage to low-income, nonelderly adults — a group that disproportionately experiences 
financial barriers to accessing primary care (109,152) — by extending Medicaid 
eligibility to all adults with an income of up to 138% of the federal poverty level, which 
is $16,753 for an individual in 2018 (44). However, the Supreme Court ruled that states 
could opt out of Medicaid expansion. Many states subsequently chose to opt out (non-
expansion states), and as a result health coverage expansion through Medicaid bypassed 
many low-income, nonelderly adults in non-expansion states (109).  
Health insurance coverage, which facilitates financial access to care, is only one 
element that promotes health care use, however. There are many dimensions of access to 
health care beyond financial access, and even if individuals do have a means to pay for 
health care, that does not guarantee they will exhibit favorable use of health care services 
(89,91,153,154). Geographic access to health services, or health services accessibility, 
refers to the geographic alignment of supply and distribution of health services in relation 
to the distribution of people with potential need for those services (72). Health services 
research has not studied the extent of health services accessibility as exhaustively as the 




accessibility with patients’ perceptions of access (94), patients’ treatment preferences 
(155), favorable health care utilization (86,95), favorable quality of care (93,156), and 
even favorable health outcomes (87,157). 
Improving accessibility of community health centers (CHCs) for low-income, 
nonelderly adults can be a useful and important way of expanding access to care for those 
who may not have the means to pay for care. Community health centers (CHCs) are 
clinics that provide primary care to all regardless of a patient’s ability to pay. CHCs 
target care and services to low-income and underserved communities (4,5). They are 
located in all 50 states, and provide care to a large proportion of rural residents (7). CHCs 
receive federal funding through the Health Resources and Service Administration’s 
Health Center Program, which has benefited from substantial funding increases over the 
past decade from the Stimulus Act and Affordable Care Act (ACA). New CHCs 
developed in many areas in both expansion and non-expansion states as a result of these 
funding initiatives. 
CHC development has long been championed and supported by many politicians 
across both political parties (4,38,39,158) unlike Medicaid expansion, which evokes 
aversion among many politicians in non-expansion states. Support for CHCs is politically 
palatable, even favorable in many non-expansion states (159–161). For this reason, 
improving CHC accessibility could be a lever non-expansion states use to increase access 
to affordable primary care to low-income, nonelderly adults that were bypassed by 
Medicaid expansion in non-expansion states. However, no study to our knowledge has 




non-expansion states.  
Furthermore, an opportunity exists to use contemporary approaches for measuring 
accessibility (71,73,83,99–101) to examine CHC accessibility. Past accessibility 
approaches include clinic-to-population ratios and proximity measures. Some of the 
limitations of these measures are restricting ratios to administrative boundaries, such as 
counties, that patients might cross to use services, and assuming clinics serve all potential 
patients. Increases in data availability and use of geographic information systems (GIS) 
in health services research (80,96–98) has made it possible to apply methods that 
combine clinic-to-population and proximity measures into a more sophisticated measure 
that addresses limitations inherent in both crude measures (71,83,99).   
The two-step floating catchment area (2SFCA) method (83,142) is one such 
approach. The first step of the method uses GIS to define service areas around CHCs and 
generates a clinic-to-population ratio that is assigned to each CHC, which can be thought 
of as a weight that shrinks as the number of potential patients in a CHC’s service area 
grows, indicating the CHC is less accessible because its services are spread across more 
potential patients. The second step defines a reasonable travel distance from a potential 
user’s location and adds the clinic-to-population ratios for all CHCs located with that 
threshold distance. In this way the method accounts for both the number of people 
potentially using each CHC’s services (demand) and the supply of CHCs located within a 
certain distance from a location (supply). It also allows service areas and threshold travel 
distances to span arbitrary boundaries, such as county borders, which individuals may 




road networks to define distances based on travel time rather than straight line distances 
used in earlier approaches.  
Researchers have applied the 2SFCA method in health services research to study 
a variety of topics, including the effect of primary care physician, clinic, and hospital 
accessibility on preventable hospitalizations (87); disparities in primary care physician 
accessibility among immigrant populations and linguistic minorities (84); and the effect 
of primary care and mammography accessibility on late stage breast cancer diagnosis and 
treatment (86). No study to our knowledge has used 2SFCA to study CHC accessibility 
broadly, or change in CHC accessibility over time between groups. This study fills gaps 
in current knowledge by applying the 2SFCA method to estimate CHC accessibility for 
low-income, nonelderly adults and comparing change in CHC accessibility across census 




The model presented by Khan and Bardwaj (90) (Figure 4.1) depicts how policies 
to increase Health Center Program funding and to expand Medicaid may have affected 
CHC accessibility differently in expansion and non-expansion states. This study 
specifically addresses the domains in the model outlined in green. First, Health Center 
Program funding increases from the Stimulus Act in 2009 and the Affordable Care Act in 
2011 changed health care system characteristics by affecting the number and distribution 
of CHCs (shown by arrow A1). Increasing the number of CHCs and affecting the 




clinic-to-population ratios used in the second step of the 2SFCA method. 
Second, Medicaid expansion affected health care user characteristics by 
increasing the proportion of low-income, nonelderly adults with health coverage (shown 
by arrow A2) in expansion states. Improving rates of health coverage among low-income, 
nonelderly adults could have reduced the need for additional CHCs as more potential 
CHC patients gained the financial means to seek care from non-CHC providers. This 
reduced need for new CHCs in expansion states could have resulted in lesser changes in 
clinic-to-population ratios used in the second step of the 2SFCA in expansion states. 
In non-expansion states, the need for CHCs to provide care could have been 
amplified, as rates of uninsured remained comparatively high and residents had fewer 
options for affordable sources of primary care. As a result, state planners and policy 
makers in non-expansion states could have relied on CHCs as a lever to enhance access 
to affordable care for low-income, nonelderly adults and placed more emphasis on 
improving the number and distribution of CHCs, thereby increasing CHC accessibility, to 
















The objective of this study was to compare the extent of change in CHC 
accessibility – before and after funding increases to the Health Center Program - for 
census tracts in selected Medicaid expansion and non-expansion states. We hypothesized 
that CHC accessibility increased less for census tracts in expansion states than for census 





We conducted a retrospective, observational study using existing data to compare 
change in CHC accessibility from 2008 to 2016 at the census tract level in selected 
expansion and non-expansion states.  
 
Data sources and sample 
 
Our sample of census tracts was collected from 10 U.S. states - 5 expansion and 5 
non-expansion states. We used a multi-step process for selecting states. First, we 
excluded states that expanded Medicaid eligibility prior to January 2014 or had existing 
state-wide health insurance programs that covered many low-income, nonelderly adults. 
Based on these criteria we excluded Arizona, Connecticut, Delaware, Hawaii, New York, 
Vermont, District of Columbia, Massachusetts, Maryland, Minnesota, and California 
(49,162,163). Second, we considered several state-level factors we thought to be potential 




on these factors. Our intention with this step was not to choose state pairs to make direct 
comparisons across pairs, but rather to obtain a sample of census tracts from expansion 
and non-expansion states that were balanced with regard to several state-level factors. 
The factors were political party control in 2012 (164); federal medical assistance 
percentages (FMAP) in 2013 (165); and proportion of the state’s population without 
health insurance in 2013 (166). Matching on political party control would assure we did 
not attribute the effect of being in an expansion or non-expansion state with being in 
states that were Republican- or Democrat-led since Republican-led states tended to opt 
out of expanding Medicaid and Democratic-led states tended to opt in (164). However, 
we found no non-expansion states that were Democrat-led so this factor remained slightly 
unbalanced in the state pairs we selected. We matched on FMAP, which is the proportion 
of Medicaid funding the federal government contributes to Medicaid, because non-
expansion states tended to have higher FMAPs than expansion states (167). We 
additionally matched on the proportion uninsured because non-expansion states tended 
also to have higher uninsured rates (166). We examined these factors based on values in 
2012 or 2013 because it reflected state context prior to implementation of Medicaid 
expansion; the political environment became unsettled in many states after Medicaid 
expansion took place (168). Our selection also required that each pair of expansion/non-
expansion states needed to be contiguous – states that are closer in space are likely to be 
more similar than states that are farther apart (169) - and opposed in their decisions to 
expand Medicaid eligibility in 2014 (49). The 5 expansion/non-expansion pairs we 




our analysis. Tracts in Colorado, Kentucky, North Dakota, Iowa, and Arkansas were 
categorized as expansion and tracts in Wyoming, Tennessee, South Dakota, Missouri, 
and Mississippi were categorized as non-expansion.  
 
Table 4.1. Selected Medicaid expansion and non-expansion states (n=10) 















Colorado Dem 50 14% Wyoming Rep 50 13.4% 
Kentucky Split 70.55 14.3% Tennessee Rep 66.13 13.9% 
North 
Dakota 
Rep 52.27 10.4% 
South 
Dakota 
Rep 56.19 11.3% 
Iowa Split 59.59 8.1% Missouri Split 61.37 13% 
Arkansas Split 70.17 16% Mississippi Rep 73.43 17.1% 
Total # of census tracts 4,080 Total # of census tracts 3,908 
 
We obtained covariate data from additional sources. State-level Medicare to 
Medicaid fee ratios in 2016 came from the Urban Institute (170), county-level primary 
care provider (PCP)-to-population ratios in 2010 came from the Area Health Resources 
File, and census tract-level sociodemographic characteristics came from the American 
Community Survey (ACS) 5 year estimates for the baseline period (2006-2010). More 
detail about each of these measures is included in the explanation of measures in a 
subsequent section. 
Our analytical sample consisted of 7,988 census tracts from all ten states, which 





Using the 2SFCA method to measure CHC accessibility 
 
We used CHC data from the Health Resources and Services Administration 
(HRSA) and data on the number of people living in census tracts from ACS 5-year 
estimates to calculate CHC accessibility for each census tract in our sample at two time 
points – in 2008 and 2016, before and after Health Center Program funding increases 
from the Stimulus and Affordable Care Acts. CHC data contained information on each 
CHC funded by the Health Center Program including the year the CHC opened, facility 
type, address, and geographic coordinates that could be easily mapped using GIS 
software. We included only CHC sites that were brick-and-mortar clinics that provided 
comprehensive primary care services to all low-income, nonelderly adults, thereby 
restricting our sample to only those CHCs available to serve the general population of 
low-income, nonelderly adults. For example, men living in a census tract would not have 
access to a women’s-only clinic and including such clinics would overestimate CHC 
accessibility for men. Therefore, we excluded mobile clinics, health care for the homeless 
sites, public housing clinics, school-based health centers, behavioral health clinics, and 
women-only clinics. We sacrificed overestimating CHC accessibility for certain groups 
for underestimating CHC accessibility for others.  
We restricted the ACS estimates of the number of people living in census tracts to 
low-income, nonelderly adults. Low-income, nonelderly adults were the targets of 
Medicaid expansion and they make up the majority of CHC patients (3). We defined low-
income as income below 200% of the federal poverty level and non-elderly as those 




those under 19 are covered by the Children’s Health Insurance Program and those over 
64 are covered through Medicare. However, ACS age categories make it impossible to 
parse out 18-year-olds from the 18 to 24-year-old age category. We set the income 
threshold to 200% FPL because those under 200% FPL make up 92% of CHC patients 
and they experienced the largest gains in health coverage due to the ACA (171). We used 
ACS estimates from 2006–2010 to measure CHC accessibility in the pre period (2008) 
and from 2012-2016 to measure CHC accessibility in the post period (2016). Shapefiles 
for geographic boundaries of census tracts and for points representing population-
weighted centroids of census tracts came from the 2010 U.S. Census. We excluded from 
our analysis census tracts with an estimated population of 0 in 2006-2010, e.g. census 
tracts that comprised only bodies of water or airports (n=46; 0.6%). 
We employed the 2SFCA method as follows. First, we assigned clinic-to-
population weights to each CHC by using GIS to define service areas around CHCs equal 
to a 30-minute drive from the CHC’s location, then summed the number of low-income, 
nonelderly adults for tracts whose centroids were contained in the CHC’s service area. 
Each CHC was assigned its own clinic-to-population weight. Second, we used GIS to 
define reasonable travel distance bands around census tracts equal to a 23.5, 29.5, 31.5, or 
24.7-minute drive from the tract’s location, then summed the clinic-to-population weights 
for all CHCs whose location was contained in the tract’s reasonable travel distance band. 
We used drive time distances for reasonable travel distance bands equal to the average 
commute time for residents in tracts with the same commuting pattern, as defined using 




Commute data came from ACS 5-year estimates from 2010-2014. We did not allow 
reasonable travel distance bands to cross state boundaries. CHC accessibility estimates 




We used as our outcome change in CHC accessibility from 2008 to 2016 
calculated as the weighted number of CHCs per 10,000 low-income, nonelderly adults at 
the census tract’s location. CHC accessibility is a continuous number that can be 
negative, representing a decrease; positive, representing an increase; or 0, representing no 
change from 2008 to 2016. The grouping/main predictor variable was whether or not the 
census tract resided in a Medicaid expansion state (coded as 1) or a non-expansion state 
(coded as 0). All tracts in each group were analyzed together; we did not make direct 
cross-state comparisons for state pairs.  
Relevant characteristics of the health care system affecting supply of CHCs and 
potential users’ demand for CHCs - informed by our conceptual framework - were 
included as covariates. For relevant health care system characteristics, we included state 
Medicaid to Medicare fee ratio for primary care services (fee ratio) in 2016, county 
primary care provider (PCP) to population ratio in 2010 (provider ratio), and tract CHC 
accessibility at baseline in 2008 (baseline accessibility). First, we reasoned that higher fee 
ratios would be negatively associated with CHC supply because higher fees paid to 
providers could entice private providers to care for Medicaid patients (15), thereby 




state. Second, we reasoned that counties with a lower provider ratio would lack PCP 
capacity to staff new CHCs, thereby hindering CHC supply because fewer providers 
would be available to staff additional CHCs. We measured provider ratios by summing 
the number of primary care physicians, nurse practitioners, and physician assistants in the 
county in 2010 and dividing that number by the total number of people estimated to live 
in the county in 2010. We then applied each county’s provider ratio value to all tracts in 
that county. Third, we included tract-level baseline accessibility as a covariate because, 
we reasoned, tracts with higher CHC accessibility at the outset would be prioritized less 
by state and local stakeholders to increase CHC accessibility and therefore less likely to 
experience an increase from 2008 to 2016.  
For health care user characteristics that might impact the supply of CHCs in an 
area, we included tract-level median household income, poverty rate, racial and ethnic 
composition, uninsurance rate, unemployment rate, and rate of high school graduates. 
CHCs serve a disproportionate number of patients who are poor, belong to racial and 
ethnic minority groups, are uninsured, and have lower educational attainment (1,125), 
and unemployment and lower educational attainment have been associated with worse 
access to care and poor health outcomes (172–174). Furthermore, an extensive body of 
research links socioeconomic indicators and neighborhood characteristics to poor health 
care access, utilization, and outcomes (84,145,175–177). For these reasons, higher 
proportions of residents with these characteristics in census tracts would indicate greater 






We first examined descriptive statistics for the entire sample of census tracts and 
across expansion and non-expansion groups. Next, we assessed bivariate associations 
between each predictor variable and change in CHC accessibility. We generated a 
correlation matrix for all variables of interest to measure correlation among them and 
identify any potential problems of multi-collinearity. We examined collinearity among 
predictor variables by evaluating condition index and variance inflation factor values. 
Next, we tested conceptually relevant interactions between Medicaid expansion 
status (grouping variable) and several predictor variables. Testing for these interactions 
revealed whether the interacted variable affected change in CHC accessibility similarly in 
expansion and non-expansion groups, i.e. if the slopes between predictor and outcome 
were equal across both groups. The variables we tested were fee ratio, provider ratio, 
proportion uninsured, proportion below poverty, and baseline accessibility. Statistically 
significant interaction terms, which indicated the variable had a different effect on change 
in CHC accessibility for tracts in expansion and non-expansion states, were retained in 
the multivariable model.   
We then tested an ordinary least squares linear regression model assuming all 
observations were independent against a mixed model that included fixed effects for fee 
ratio, provider ratio, user characteristics and baseline accessibility and random effects for 
state to account for census tract clustering within states.  
We used an exchangeable correlation structure for the mixed model. We 




criterion (AIC) values for the model assuming independent observations and the mixed 
model that accounted for clustering by state and chose the model with the lowest AIC 
value.   
Analyses were conducted using SAS version 9.4 (Cary, NC), and an a priori 
significance level of 0.05 was used for all statistical tests. 
 
Results 
Table 4.2 shows the characteristics of census tracts included in our sample. Tracts 
in expansion states had a higher average fee ratio, median household income, proportion 
of residents who identified as Hispanic, and proportion of residents who graduated high 
school than tracts in non-expansion states. Conversely, census tracts in non-expansion 
states had a higher average provider ratio, and proportions of residents who were 
uninsured, unemployed, in poverty, and who identified as black or African American 













CHC accessibility 2008 (pre) 0.46 (1.48) 0.53 (1.83) 0.0523 
CHC accessibility 2016 (post) 0.97 (2.22) 1.01 (2.39) 0.458 
Change in CHC accessibility  0.52 (1.61) 0.48 (1.59) 0.342 
Medicaid to Medicare fee 
ratio 
0.75 (0.09) 0.68 (0.13) <0.0001* 
Primary care provider (PCP) 
ratio (PCPs per 100,000 
people) 
148 (71) 159 (83) <0.0001* 
Median household income ($) $25,737 ($9,801) $23,885 ($8,856) <0.0001* 
Uninsured (%) 13.99 (7.76) 14.71 (7.31) <0.0001* 
Unemployed (%) 5.90 (4.56) 7.13 (5.49) <0.0001* 
Poverty (%) 15.33 (11.36) 17.35 (12.56) <0.0001* 
Black or African American 
(%) 
7.07 (14.94) 18.78 (27.63) <0.0001* 
Hispanic (%) 8.67 (13.47) 3.63 (5.54) <0.0001* 
Graduated high school (%) 85.26 (10.48) 83.17 (9.89) <0.0001* 
Note: * Indicates statistically significant differences in characteristics (alpha <0.05) 
between expansion and non-expansion groups.   
 
As a preliminary step, we mapped CHC accessibility in 2008 and 2016 for all 
state pairs and compared the maps descriptively (Figure 4.2). Generally, increases in 
CHC accessibility were spread across both expansion and non-expansion states. Some 
states, however, had many areas in which CHC accessibility increased while others had 
few. For example, CHC accessibility magnitude and spatial coverage increased in only a 
few areas in Iowa (IA) concentrated in the south-central and south-eastern regions of the 




Figure 4.2. Small area variation in absolute change in CHC accessibility from 2008 to 2016 by 
census tract in ten states. 
 
 
Note: * Indicates states that expanded Medicaid.                      
We examined collinearity and found that poverty rate was correlated (correlation 
coefficient greater than 0.6) with both median household income (-0.72) and proportion 
of residents who graduated high school (-0.65). We dropped median income and 
proportion of high school graduates from our model because HRSA uses poverty rate to 
designate areas as suitable for CHCs (31) so it was a key predictor to include and we 
wanted to ensure it was retained.   
Table 4.3 reports results of the multivariable model. On average, tract-level 
poverty and uninsurance rates were positively associated with change in CHC 




American were negatively associated with change in CHC accessibility across expansion 
and non-expansion tracts. Fee ratio was not associated with change in CHC accessibility, 
but provider ratio was found to have a negative association with change in CHC 
accessibility, meaning change in CHC accessibility increased as provider ratio decreased. 
Overall, census tracts in expansion states saw a lower change in CHC 
accessibility from 2008 to 2016, but this difference was not statistically different from 
tracts in non-expansion states. However, we found that change in CHC accessibility 
among expansion and non-expansion tracts was dependent on the level of baseline 
accessibility, and baseline accessibility affected change in CHC accessibility in 
expansion and non-expansion tracts differently. For every 1-unit increase in baseline 
accessibility, expansion tracts saw a 0.06 higher change in CHC accessibility from 2008 





Table 4.3. Regression model results showing the change in census tract community health center 
(CHC) accessibility across 5 Medicaid expansion and 5 non-expansion states (n=7,923) 
 
 Estimate 95% CI P value 
Intercept -0.04 -1.6 – 1.5 0.95 
    
Non-expansion Ref - - 
Expansion -0.3 -0.7 – 0.2 0.26 
    
Expansion (0)*baseline accessibility  Ref - - 
Expansion (1)*baseline accessibility 0.06 0.02 – 0.1 0.006* 
    
Health care system characteristics    
Medicaid to Medicare fee ratio 1.1 -0.6 – 2.8 0.2 
Primary care provider (PCP) ratio 
(PCPs per 100,000 people) -0.001 -0.002 – -0.0008 <0.0001
* 
Baseline accessibility -0.04 -0.07 - -0.02 0.002* 
    
Health care user characteristics – census tract level   
Poverty (%) 0.005 0.001 – 0.009 0.01* 
Uninsured (%) 0.01 0.008 – 0.02 <0.0001* 
Hispanic (%) -0.007 -0.01 - -0.003 0.002* 
Black or African American (%) -0.004 -0.006 - -0.002 0.0005* 
Notes: * Indicates statistically significant associations (alpha <0.05).   
 
Figure 4.3 shows predicted values for change in CHC accessibility for expansion 
and non-expansion tracts across different levels of baseline accessibility. Among 
expansion tracts, predicted change in CHC accessibility from 2008 to 2016 was slightly 




statistically significant (0.02; CI= 0.02-0.1; p= 0.35). We saw the opposite trend among 
non-expansion tracts — predicted change in CHC accessibility from 2008 to 2016 was 
lower as the level of baseline accessibility increased (-0.05; CI= -0.07- -0.02; p= 0.0015). 
This relationship was what we expected, indicating that changes in CHC accessibility 
were less pronounced in census tracts with a higher level of baseline accessibility while 
adjusting for covariates.   
 
Figure 4.3. Predicted values of change in community health center (CHC) accessibility from 
2008 to 2016 by levels of baseline accessibility for census tracts in non-expansion states and 
expansion states. 
 
Note: Predicted values of change in CHC accessibility were obtained by inserting median 
values for all variables except baseline accessibility into the regression equation and 
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Slope = 0.02; p = 0.35 




We performed a sensitivity analysis to test the robustness of our results on a 
restricted sample of census tracts that excluded those with the highest and lowest 5% of 
values for change in CHC accessibility (see results in Appendix C, Table C.1). We found 
the same effect of baseline accessibility on change in accessibility across expansion and 
non-expansion tracts when excluding high and low observations, which comprised 10% 
of the total sample. Furthermore, results showing poverty and uninsurance rates as 
positively associated with change in CHC accessibility and rate of blacks and Hispanics 
as negatively associated with change in CHC accessibility were consistent. However, 
provider ratio was not found to be significantly associated with change in CHC 
accessibility in the restricted sample model. 
 
Discussion 
This study compared change in CHC accessibility for census tracts in Medicaid 
expansion and non-expansion states and found that the aggregate change in CHC 
accessibility was not significantly different across the two groups, but the influence of 
existing accessibility levels on those changes were different, that is, how the changes 
were distributed was different. Specifically, higher levels of baseline accessibility were 
associated with lower changes in CHC accessibility from 2008 to 2016 among census 
tracts in non-expansion states. We did not find evidence of this expected association 
among tracts in expansion states. The effectiveness of state planning processes that 
prioritize developing new CHC sites and diverting CHC resources more broadly across 




increasingly using GIS technology to better align health care services with need while 
considering the geographic distribution of both (178–182). In fact, some non-expansion 
states in our analysis received increased resources through federal programs to assist with 
health service delivery planning. For example, the Mississippi Delta Health Collaborative 
(183) in the non-expansion state of Mississippi is charged with building health systems 
infrastructure by targeting high morbidity and underserved areas to implement programs 
to reduce morbidity and health disparities.  
On the other hand, factors related to Medicaid expansion may partly explain the 
trend we found among expansion tracts where higher levels of baseline accessibility were 
associated with higher rather than lower levels of change in CHC accessibility. CHCs 
receive enhanced prospective payments from Medicaid that are set close to actual costs. 
Many residents in census tracts in expansion states with high baseline CHC accessibility 
due to being underserved areas likely gained Medicaid coverage after the state expanded 
Medicaid eligibility in 2014. For example, the rate of Medicaid coverage among adults 
ages 19-64 in Kentucky went from 12% in 2013 to 18% in 2015 (184).  
A higher proportion of residents with Medicaid coverage could have attracted 
more CHCs to an area even if that area had high levels of baseline CHC accessibility for 
two main reasons. First, having a higher proportion of patients with Medicaid coverage 
increases CHCs’ patient revenue (42,51), and after the ACA, the proportion of Medicaid 
visits to CHCs rose by 36% and uninsured visits dropped by 40% in expansion states 
(52). Opportunities to generate patient revenue make opening a CHC more attractive to 




CHCs experienced a rush in new patients and more visits after Medicaid expansion, 
meaning that the need for additional CHCs in underserved areas, even in areas already 
served by CHCs, might have been warranted to meet demand. Although CHCs provide 
care regardless of a patients’ ability to pay, patients may use more care if that care 
covered is by insurance (53,54). In fact research indicates that patients who went from 
uninsured to having Medicaid upped their visits to CHCs and used more services, 
including lab tests (56,57). Therefore, while the absolute number of low-income, 
nonelderly adults seeking CHC care may not have changed in expansion states, the 
increased volume of care being demanded could have attracted more CHCs to areas with 
higher baseline CHC accessibility rather than extending it to areas with lower baseline 
CHC accessibility.  
Another plausible explanation for not observing the expected negative association 
between baseline accessibility and change in CHC accessibility in expansion tracts is that 
changes in CHC accessibility were concentrated in tracts with greater CHC need 
regardless of the level of baseline accessibility. However, we did not find evidence that 
the associations between poverty and uninsurance rates and change in CHC accessibility 
were more pronounced for expansion compared to non-expansion tracts 
(poverty*expansion – beta = -0.003, SE = 0.003, p=0.34; uninsurance*expansion – beta= 
-0.005, SE = 0.005, p=0.3). In fact, we found poverty and uninsurance rate to be 
positively associated with change in CHC accessibility in both groups and to the same 
extent, showing that tracts with greater CHC need according to sociodemographic 




non-expansion groups. This finding is consistent with what we would expect in terms of 
poverty rate because HRSA uses poverty rate to prioritize areas for CHC placement (31). 
Uninsurance rate is not explicitly used by HRSA to designate underserved areas, however 
HRSA is increasingly making such data available to state and local stakeholders to use 
for CHC planning (123).  
Our study has several implications for health policy. First, it contributes to the 
body of literature by showing general improvements in CHC accessibility after funding 
increases to the Health Center Program, which had not previously been studied. Second, 
it builds evidence on changes in geographic, in contrast to financial, access to care for 
low-income, nonelderly adults occurring after passage of the ACA. The ACA was a 
unique package of policies, which included Medicaid expansion. Medicaid expansion 
attracted much attention in policy evaluations (88,162,185–187), but limited to no 
attention has been devoted to increased funding for the Health Center Program until we 
conducted this study. Third, results from our study suggest tracts in non-expansion states 
gained CHC accessibility at similar rates to tracts in expansion states. This equitable 
distribution of access gains contrasts with the inequitable gains in health coverage for 
low-income, nonelderly adults in expansion versus non-expansion states (127,185–187). 
It serves as a potential indicator of bipartisan support of CHCs as an access-expanding 
policy mechanism.  
Both geographic and financial access to care are important from a policy 
perspective (89), and the objective is to ensure both for the optimal impact on population 




insurmountable. Having health insurance is irrelevant if clinics are not accessible, and 
having an accessible clinic is useless if financial barriers prevent an individual from 
getting care at that clinic. This study focused on CHC accessibility because CHCs 
provide care to all regardless of ability to pay, so financial access is assumed. The Trump 
Administration has vowed to repeal the ACA, and preliminary data show that coverage 
rates are declining (68). CHC accessibility will become increasingly important for low-
income, nonelderly adults who lose health insurance if coverage is scaled back. In that 
climate, ensuring CHC accessibility will not only be desirable, but necessary to maintain 
low-income, nonelderly adults’ access to affordable care. 
 This study has several limitations that could affect the internal and external 
validity of the findings. First, we did not account for CHC capacity in our accessibility 
measures. These data were not available so we did not account for differences in capacity 
across CHCs. Second, we used the two-step floating catchment area method, which is 
seen as an improvement to earlier methods of measuring geographic accessibility of 
health services, but we do not know how the extent of CHC accessibility relates to 
primary care utilization or health outcomes. Third, this analysis included 10 states so our 
results are not generalizable to tracts in all expansion and non-expansion states. However, 
the methods and approach we used for this study can and should be replicated with 
additional states and additional time points to determine the validity of these findings. 
Conclusion 
 
In conclusion, this study provided evidence that CHC accessibility improved 




access to care for low-income, nonelderly adults expanded similarly across both areas. 
However, the distribution of changes in CHC accessibility differed across the two groups 
with higher changes in tracts with greater baseline accessibility in the expansion group 
and lower changes in tracts with greater baseline accessibility in the non-expansion 
group. CHCs are a viable and important bipartisan policy mechanism for improving 
access to care for low-income, nonelderly adults that may become increasingly important 
to track in the current health policy environment. Future health policy research should 
longitudinally assess differences in changes in CHC accessibility within expansion and 
non-expansion states to better understand the impact on access to care for low-income, 





CHAPTER 5: CONCLUSION 
 
This dissertation set out to study community health center (CHC) accessibility by 
examining changes in CHC accessibility after passage of key policies, the association 
between sociodemographic indicators of CHC need and those changes, and the 
association between CHC accessibility and primary care utilization. It relied heavily on 
application of a novel method for measuring CHC accessibility, the two-step floating 
catchment area (2SFCA) method, which is an improvement from traditional accessibility 
methods, but is underutilized in current research and practice. Further, each of the three 
studies used census tracts as the unit of analysis, which enabled mapping of small area 
variation in CHC accessibility across the states studied. 
The body of this dissertation contained three research studies that addressed 
existing gaps in literature on CHC accessibility and established a better understanding of 
the concept and its implications for policy, health services planning, and equitable 
distribution of CHC resources. Chapter 2 studied census tract-level change in CHC 
accessibility in Arkansas, Louisiana, and Mississippi from 2008, before passage of the 
American Recovery and Reinvestment Act, to 2016, after implementation of the 
Affordable Care Act. This study demonstrated the feasibility and technique of applying 
the 2SFCA method to calculate CHC accessibility, and also was one of few studies to 
examine change in accessibility between two points in time. The study found that CHC 
accessibility dramatically increased in Arkansas, Louisiana, and Mississippi between 




each of the three states where gaps in CHC accessibility remained by mapping levels of 
CHC accessibility by census tract in 2008 and 2016 for each of the states.  
The study further investigated sociodemographic indicators of CHC need and 
their association with changes in CHC accessibility to understand if census tract-level 
characteristics were indicative of how changes were distributed. Due to correlation in the 
data, spatial regression techniques were used and determined, surprisingly, that 
sociodemographic indicators were not strongly or significantly associated with change in 
CHC accessibility. The only factor consistently associated with change in CHC 
accessibility was level of baseline accessibility in 2008 – lower level of baseline 
accessibility in census tracts was associated with greater change in CHC accessibility 
from 2008 to 2016.  
Chapter 3 studied the relationship between CHC accessibility, measured using 
two accessibility metrics, and primary care (PC) utilization. The two accessibility metrics 
were conceptualized as representing 1) a direct pathway between CHC accessibility and 
PC utilization whereby better accessibility for low-income, nonelderly adults (indicated 
using the 2SFCA method) could directly promote PC utilization among that population 
and 2) an indirect pathway whereby living closer to a CHC (indicated by distance from 
the census tract centroid to nearest CHC) might enhance utilization due to the wellness 
and health promotion efforts CHCs target on proximate communities.  Prior to this study, 
research on the relationship between CHC accessibility and PC utilization was lacking. 
We found that both accessibility metrics were associated with PC utilization, but the 




income and primary care provider supply in the surrounding area. There was an inverse 
relationship between distance to nearest health center and PC utilization, meaning census 
tracts closer to CHCs had higher rates of PC utilization. CHC accessibility using the 
2SFCA was associated with increased PC utilization as median household income 
decreased and extent of primary care provider supply in the surrounding area increased.  
Chapter 4 examined the differential change in CHC accessibility from 2008 to 
2016 across census tracts in Medicaid expansion and non-expansion states. It found that 
while increases were similar across both groups, the nature of those changes was 
different. Among census tracts in non-expansion states, higher levels of baseline 
accessibility were associated with lower change in CHC accessibility, whereas among 
census tracts in expansion states, the opposite trend was apparent.  
Several themes cut across these three studies. First and foremost was the 
application of the 2SFCA method to investigate CHC accessibility and use of this 
measure in different ways. Chapter 2 first described and mapped changes in CHC 
accessibility from 2008 to 2016 across Arkansas, Louisiana, and Mississippi, and also 
used change in CHC accessibility as a dependent variable in a regression model with six 
sociodemographic indicators as independent variables. Chapter 3, on the other hand, used 
CHC accessibility as an independent variable in regression analyses to assess its 
association with census tract-level rates of PC utilization, which comprised the dependent 
variable. Finally, Chapter 4 used change in CHC accessibility once again as a dependent 
variable, but examined differences in change across census tracts in two groups – those 




expand Medicaid.  
Second, part of our analysis in Chapter 2 aligned with the study objectives in 
Chapter 4. Chapter 2 found that Mississippi, a state that did not expand Medicaid (non-
expansion state), had the highest levels of CHC accessibility and the fewest areas with no 
CHC accessibility compared to Louisiana and Arkansas, both of which expanded 
Medicaid (expansion states). The work in Chapter 4 explicitly studied differences in 
change in CHC accessibility across Medicaid expansion and non-expansion states. We 
did not find significant differences in changes between groups, which was suggested by 
the work in Chapter 2. Although it included more states than those studied in Chapter 2, 
Chapter 4 included only a subset of 10 states, so future research might replicate this study 
with additional states to determine if the findings are consistent.  
Third, the finding in Chapter 2 that baseline level of CHC accessibility was 
negatively associated with change in CHC accessibility emerged again in Chapter 4; 
however, in Chapter 4 we found this trend among census tracts in the 5 non-expansion 
states we studied and the opposite among census tracts in the 5 expansion states we 
studied. The consistency in these findings was that baseline level of CHC accessibility 
was an important consideration when researching changes in CHC accessibility, but the 
factors driving how baseline levels of CHC accessibility were associated with changes 
could differ according to states’ health policy environments around Medicaid expansion. 
A large proportion of CHC patients are covered by Medicaid in both expansion and non-
expansion states, and that combined with enhanced Medicaid reimbursements to CHCs 




being studied expanded Medicaid or not.  
 This dissertation has clear implications for health policy and planning. First, it 
provides empirical evidence to suggest that CHC accessibility is significantly associated 
with PC utilization, which could promote population health and reduce health disparities. 
That finding could encourage efforts for health planning and policy making at the state 
and federal levels to devote increased attention to measuring CHC accessibility and using 
that information, in conjunction with other data such as population characteristics and 
community input, to judge appropriate locations for new CHC delivery sites. In addition 
to improved consideration of CHC site placement, other policy approaches could be used 
to improve and ensure access to care for low-income populations in low accessibility 
areas, such as incentivizing existing providers to care for more Medicaid and uninsured 
patients. Second, it highlights persistent inequities in the distribution of CHC facilities 
across the South that should be prioritized. Third, the finding that sociodemographic 
indicators of CHC accessibility were not associated with changes in CHC accessibility, 
i.e. areas with greater expected need for CHC services did not gain more CHC 
accessibility from 2008 to 2016, encourages reconsideration of the criteria the Health 
Resources and Services Administration (HRSA) uses to assist with CHC site delivery 
placement. In fact, this debate has re-emerged twice since HRSA originally designated 
medically underserved areas. An opportunity exists for these data and findings to be used 
to inform additional discussions about updates to medically underserved area 
designations. 




future empirical investigations. One persistent limitation was the lack of CHC staffing 
data for each CHC delivery site, so CHC capacity at each site was assumed to be uniform 
in 2SFCA estimates. Such staffing data is not currently collected or made publicly 
available, to our knowledge. Future work might obtain staffing information though 
primary data collection or a newly-imposed HRSA requirement to report staffing levels 
or CHC capacity for each site. Another limitation in these studies was that we only 
focused on CHCs and did not consider other primary care clinics when estimating 
accessibility. Consideration of other primary care clinics where low-income, nonelderly 
adults might seek care could strengthen this work by showing if areas that lack CHC 
accessibility are adequately served by other types of primary care clinics that accept 
patients with Medicaid coverage or who are uninsured. Additional data sources could be 
brought in to geocode the addresses, for example, of private primary care practices and 
hospital outpatient departments.  
Additionally, there are ample opportunities for future research building off of the 
work of this dissertation. One avenue of research might apply the 2SFCA method to 
examine accessibility of different types of health services. Research to date has applied 
the method mainly to measure accessibility of primary care physicians, mammography 
services, and breast cancer treatment, so there is substantial potential to use the method in 
other ways. Another avenue of research might conduct a cluster of studies comparing 
CHC accessibility using the 2SFCA method to conventional measures of CHC 
accessibility including proximity to nearest CHC and CHC-to-population ratios in the 




CHC delivery site placement, for example by conducting qualitative research with CHC 
and state planning stakeholders to gather information about the process by which 
locations for new CHC delivery sites are selected. This line of research could examine 
local, state, and national influences on the process.  
To conclude, this dissertation examined several aspects of CHC accessibility and 
applied advanced, geographically-based methods. The findings of this dissertation have 
implications for research, practice, and policy, and many additional opportunities exist to 















Appendix B contains: 
 
1) Tables B.1a-B.1d: Rural-Urban Commuting Area Codes and American Community Survey 
average commute to work times  
 
 
2) Table B.2: Variable definitions  
 
3) Figures B.1a and B.1b: Small area variation in CHC accessibility in Louisiana and 




4) Tables B.3a-B.3d: OLS and spatial regression results  
a. Pooled model (census tracts in all 3 states) 
b. Arkansas census tracts 
c. Louisiana census tracts 






1) Tables B.1a-B.1d: Rural-Urban Commuting Area Codes and American Community 
Survey average commute to work times  
 
 
Tables B.1a-B.1c show average commute to work time in minutes for census tracts in 
each RUCA category. Commute data were obtained from American Community Survey, 
2010-2014 5-year estimates, Table B08303 Travel Time to Work. ACS provides travel 
time in categories, so we assigned the middle value of each category and multiplied that 
by the number of people in each category to get the total travel time for residents in each 
tract. We then divided that by the total population of the tract to obtain the tract’s average 
commute to work time. 
Table B.1d shows the weighted average commute time in minutes for census tracts 
grouped into low, moderate, high, and rural travel groups. Weighted average commute 
time in Table B.1d was calculated by obtaining weighted averages for each travel group 
across the 3 states. For example, for the low travel group’s weighted average, we found a 
weighted average commute time for those RUCA codes (1, 4 and 7) across the 3 states: 
(21.70(286) + 18.97(62) + 20.97(66) + 25.39(765) + 23.17(64) + 24.04(48) + 23.36(205) 
+ 20.13(118) + 22.84(46)) / 1660 = 23.52. Numbers that appear in Table B.1d may be 
















1 Core Metropolitan 286 21.70 (4.15) Low 
4 Core Micropolitan 62 18.97 (3.39) Low 
7 Core Small town 66 20.97 (4.11) Low 
2 High Metropolitan 100 29.67 (4.82) Moderate 
5 High Micropolitan 59 25.58 (4.79) Moderate 
8 High Small town 33 26.44 (4.27) Moderate 
3 Low Metropolitan 10 31.11 (3.56) High 
6 Low Micropolitan 4 29.10 (3.75) High 
9 Low Small town 8 28.47 (3.41) High 
10 Rural Rural 58 28.61 (4.96) Rural 
Total   686 23.88 (5.78)  
 










1 Core Metropolitan 765 25.39 (5.28) Low 
4 Core Micropolitan 64 23.17 (5.06) Low 
7 Core Small town 48 24.04 (6.05) Low 
2 High Metropolitan 150 32.12 (5.61) Moderate 
5 High Micropolitan 25 29.92 (4.06) Moderate 
8 High Small town 20 27.24 (8.78) Moderate 
3 Low Metropolitan 8 35.73 (5.44) High 
6 Low Micropolitan 11 29.87 (5.52) High 
9 Low Small town 10 34.37 (6.26) High 
10 Rural Rural 38 28.73 (4.97) Rural 
Total   1,139* 26.16 (6.72)  














1 Core Metropolitan 205 23.36 (3.91) Low 
4 Core Micropolitan 118 20.13 (4.12) Low 
7 Core Small town 46 22.84 (3.63) Low 
2 High Metropolitan 78 31.20 (4.96) Moderate 
5 High Micropolitan 86 26.87 (4.65) Moderate 
8 High Small town 37 29.60 (3.79) Moderate 
3 Low Metropolitan 10 37.11 (4.75) High 
6 Low Micropolitan 21 32.73 (6.79) High 
9 Low Small town 15 30.60 (4.88) High 
10 Rural Rural 46 29.62 (6.72) Rural 
Total   662* 25.38 (6.51)  




Table B.1d: Overall (n=2,498) 







weighted center of 
the tract (mins) 
Low travel group (RUCA codes 1,4,7) 1,660 23.52 23.5 
Moderate travel group (RUCA codes 
2,5,8) 
588 29.42 29.4 
High travel group (RUCA codes 3,6,9) 97 32.28 32.3 
Rural travel group (RUCA code 10) 142 28.97 29 
Total 2,487*   







2) Table B.2: Variable definitions  
 
Table B.2: Variable definitions 
Variable Definition Source ACS table 
Below poverty 
 
Percentage of low-income, nonelderly adults* in the 






Percentage of low-income, nonelderly adults in the 






Percentage of low-income, nonelderly adults in the 






Percentage of low-income, nonelderly adults in the 




Black or African 
American§ 
 
Percentage of low-income, nonelderly adults in the 





Did not graduate 
high school ǁ 
 
Percentage of low-income, nonelderly adults in the 




Notes: * Below 200% of the federal poverty level, adults between the ages of 18 and 64. 
† Numerator is estimated number of persons in census tract age 20-64 for whom poverty status is 
determined whose income in the past 12 months was below the poverty level in the civilian labor force 
and unemployed. Denominator is the estimated number of persons in census tract age 20-64 for whom 
poverty status is determined whose income in the past 12 months was below the poverty level who is 
in the labor force (armed forces or civilian). 
‡ Numerator is estimated number of persons in census tract age 18-59 for whom poverty status is 
determined whose income in the past 12 months was below the poverty level who identifies as 
Hispanic or Latino. Denominator is estimated number of persons in census tract 18-64 whose income 
in the past 12 months was below the poverty level.  
§ Numerator is estimated number of persons in census tract age 18-59 for whom poverty status is 
determined whose income in the past 12 months was below the poverty level who identifies as black 
or African American. Denominator is estimated number of persons in census tract 18-64 whose 
income in the past 12 months was below the poverty level. 
ǁ Numerator is estimated number of persons in census tract 25 and older for whom poverty status is 
determined whose income in the past 12 months was below the poverty level and education level is 
less than high school graduate. Denominator is the estimated number of persons in census tract 25 and 






3) Figures B.1a and B.1b: Small area variation in CHC accessibility in Louisiana and 
Mississippi by census tract, 2008 and 2016  
 
Figure B.1a: Small area variation in CHC accessibility in Louisiana by census tract, 2008 and 
2016* 
 
Notes: * Values of CHC accessibility in this map are categorized according to quintiles of CHC 
accessibility across census tracts in Arkansas, Louisiana, and Mississippi in 2016. Darker colors show 







Figure B.1b: Small area variation in CHC accessibility in Mississippi by census tract, 2008 and 
2016* 
 
Notes: * Values of CHC accessibility in this map are categorized according to quintiles of CHC 
accessibility across census tracts in Arkansas, Louisiana, and Mississippi in 2016. Darker colors show 







4) Tables B.3a-B.3d: OLS and spatial regression results  
 
Table B.3a: Predictors of change in CHC accessibility from 2008 to 2016 across Arkansas, Louisiana, and Mississippi (n=2,453) 














(0.19 - 0.5) 
0 
(-0.038 - 0.041) 
<0.0001 
0.57 
(0.41 - 0.72) 
-0.0072 




(0.0004 - 0.0051) 
0.048 
(0.0072 - 0.091) 
0.02 
-0.0012 
(-0.0027 - 0.00035) 
-0.021 




(-0.0035 - 0.002) 
-0.012 
(-0.054 - 0.031) 
0.59 
-0.00003 
(-0.0018 - 0.0017) 
-0.00045 




(0.00038 - 0.0037) 
0.05 
(0.0092 - 0.09) 
0.02 
0.00086 
(-0.00016 - 0.0019) 
0.021 




(-0.0062 - -0.00005) 
-0.043 
(-0.085 - -0.00069) 
0.046 
-0.00042 
(-0.0026 - 0.0017) 
-0.0058 




(-0.002 - 0.00017) 
-0.037 
(-0.08 - 0.0069) 
0.099 
-0.00026 
(-0.0012 - 0.00067) 
-0.011 
(-0.049 - 0.027) 
0.58 
Did not graduate high 
school 
0.0031 
(0.00097 - 0.0052) 
0.061 
(0.02 - 0.1) 
0.004 
0.0009 
(-0.0005 - 0.0023) 
0.018 




(-0.1 - -0.039) 
-0.087 
(-0.13 - -0.048) 
<0.0001 
-0.089 
(-0.12 - -0.061) 
-0.11 
(-0.14 - -0.076) 
<0.0001 
Lambda    
0.84 
(0.82 - 0.87) 
0.84 
(0.82 - 0.87) 
<0.0001 
Notes: Parameter estimates are from multivariable regression models not controlling for spatial dependence in the data (ordinary least squares) 
and controlling for spatial dependence (spatial error). Predictors of interest were 6 sociodemographic indicators of low-income, nonelderly adult 
characteristics measured at the census tract level (percent below poverty, uninsured, unemployed, Hispanic, black/African American, and did not 
graduate high school) from ACS 2010-2014 5-year estimates. We controlled for baseline CHC accessibility in 2008. Global Moran’s I statistic 
for spatial autocorrelation of OLS model residuals was 48.38 with a p value <0.0001. AIC was 5645 for the OLS model and 3818 for the spatial 
error model. Wald, Likelihood ratio, and Lagrange multiplier tests that the spatial parameter, lambda, = 0 are all p < 0.0001, indicating that we 







Table B.3b: Predictors of change in CHC accessibility from 2008 to 2016 in Arkansas (n=680) 
 











(-0.38 - 0.42) 
0 
(-0.043 - 0.18) 
0.92 0.63 
(0.24 - 1.02) 
0.063 





(-0.0019 - 0.011) 
0.054 
(-0.033 - 0.19) 
0.17 -0.0024 
(-0.0062 - 0.0014) 
-0.041 
(-0.11 - 0.026) 
0.22 
Uninsured 0.007 
(-0.00043 - 0.014) 
0.076 
(-0.0067 - 0.22) 
0.065 -0.00064 
(-0.0049 - 0.0036) 
-0.0081 
(-0.073 - 0.057) 
0.77 
Unemployed 0.0031 
(-0.0011 - 0.0072) 
0.058 
(-0.026 - 0.18) 
0.15 0.0019 
(-0.00045 - 0.0043) 
0.047 
(-0.011 - 0.11) 
0.11 
Hispanic -0.013 
(-0.019 - -0.0063) 
-0.17 
(-0.27 - -0.086) 
0.0001 0.0005 
(-0.0042 - 0.0052) 
0.0084 





(-0.0071 - -0.0013) 
-0.12 
(-0.29 - -0.051) 
0.0051 -0.00067 
(-0.0033 - 0.002) 
-0.014 






(0.001 - 0.012) 
0.096 
(0.021 - 0.25) 
0.02 0.00084 
(-0.0027 - 0.0044) 
0.016 





(-0.07 - 0.044) 
-0.017 
(-0.086 - 0.055) 
0.66 -0.065 
(-0.11 - -0.018) 
-0.065 
(-0.12 -  -0.0096) 
0.0068 
Lambda    0.85 
(0.81 - 0.9) 
0.86 
(0.81 - 0.9) 
0.00000 
Notes: Parameter estimates are from multivariable regression models not controlling for spatial dependence in the data (ordinary least squares) and 
controlling for spatial dependence (spatial error). Predictors of interest were 6 sociodemographic indicators of low-income, nonelderly adult 
characteristics measured at the census tract level (percent below poverty, uninsured, unemployed, Hispanic, black/African American, and did not 
graduate high school) from ACS 2010-2014 5-year estimates. We controlled for baseline CHC accessibility in 2008. Global Moran’s I statistic for 
spatial autocorrelation of OLS model residuals was 25.12 with a p value <0.0001. AIC was 1911 for the OLS model and 1373 for the spatial error 
model. Wald, Likelihood ratio, and Lagrange multiplier tests that the spatial parameter, lambda, = 0 are all p < 0.0001, indicating that we should reject 







Table B.3c: Predictors of change in CHC accessibility from 2008 to 2016 in Louisiana (n=1,119) 
 











(0.2 - 0.51) 
0 
(-0.077 - 0.0055) 
<.0001 0.59 
(0.44 - 0.75) 
0.032 





(0.0016 - 0.006) 
0.1 
(0.028 - 0.11) 
0.0009 -0.0012 
(-0.0026 - 0.00034) 
-0.021 
(-0.048 - 0.0058) 
0.13 
Uninsured -0.0025 
(-0.0051 - 0.00015) 
-0.059 
(-0.078 - 0.0023) 
0.064 -0.00023 
(-0.0019 - 0.0014) 
-0.003 
(-0.029 - 0.023) 
0.78 
Unemployed 0.00088 
(-0.00074 - 0.0025) 
0.032 
(-0.018 - 0.061) 
0.29 0.00028 
(-0.00073 - 0.0013) 
0.0077 
(-0.017 - 0.033) 
0.59 
Hispanic 0.0047 
(0.0015 - 0.0078) 
0.09 
(0.021 - 0.11) 
0.0039 0.00048 
(-0.0017 - 0.0027) 
0.0057 





(-0.00017 - 0.002) 
0.053 
(-0.0068 - 0.081) 
0.097 0.000085 
(-0.00096 - 0.00079) 
-0.0033 






(-0.0024 - 0.0016) 
-0.012 
(-0.048 - 0.032) 
0.71 -0.00017 
(-0.0015 - 0.0012) 
-0.0044 





(-0.11 - -0.016) 
-0.078 
(-0.14 - -0.019) 
0.0091 -0.058 
(-0.1 - -0.013) 
-0.054 
(-0.11 - -0.00034) 
0.011 
Lambda    0.84 
(0.8 - 0.87) 
0.84 
(0.8 - 0.88) 
0.00000 
Notes: Parameter estimates are from multivariable regression models not controlling for spatial dependence in the data (ordinary least squares) and 
controlling for spatial dependence (spatial error). Predictors of interest were 6 sociodemographic indicators of low-income, nonelderly adult 
characteristics measured at the census tract level (percent below poverty, uninsured, unemployed, Hispanic, black/African American, and did not 
graduate high school) from ACS 2010-2014 5-year estimates. We controlled for baseline CHC accessibility in 2008. Global Moran’s I statistic for 
spatial autocorrelation of OLS model residuals was 32.64 with a p value <0.0001. AIC was 1706 for the OLS model and 872 for the spatial error model. 
Wald, Likelihood ratio, and Lagrange multiplier tests that the spatial parameter, lambda, = 0 are all p < 0.0001, indicating that we should reject the null 







Table B.3d: Predictors of change in CHC accessibility from 2008 to 2016 in Mississippi (n=654) 
 











(0.17 - 0.85) 
0 
(-0.12 - 0.059) 
0.0035 0.51 
(0.17 - 0.84) 
0.2 









(-0.003 - 0.0035) 
0.007 
(0.0037 - 0.01) 
0.88 
Uninsured -0.0043 
(-0.01 - 0.0017) 
-0.054 
(-0.16 - 0.026) 
0.16 0.00077 
(-0.0029 - 0.0045) 
0.0045 
(0.00072 - 0.0083) 
0.68 
Unemployed 0.0026 
(-0.0011 - 0.0062) 
0.054 
(-0.027 - 0.15) 
0.17 0.00096 
(-0.0013 - 0.0032) 
0.027 
(0.025 - 0.029) 
0.4 
Hispanic -0.009 
(-0.017 - -0.00087) 
-0.084 
(-0.24 - -0.012) 
0.03 -0.0032 
(-0.008 - 0.0017) 
-0.046 





(-0.0011 - 0.0035) 
0.043 
(-0.044 - 0.14) 
0.3 -0.00056 
(-0.0025 - 0.0013) 
-0.016 






(0.0051 - 0.014) 
0.17 
(0.1 - 0.29) 
<.0001 0.0027 
(-0.00026 - 0.0056) 
0.057 





(-0.34 - -0.2) 
-0.28 
(-0.42 - -0.24) 
<.0001 -0.22 
(-0.29 - -0.15) 
-0.29 
(-0.36 - -0.22) 
0.00000 
Lambda    0.84 
(0.8 - 0.89) 
0.85 
(0.8 - 0.9) 
0.00000 
Notes: Parameter estimates are from multivariable regression models not controlling for spatial dependence in the data (ordinary least squares) and 
controlling for spatial dependence (spatial error). Predictors of interest were 6 sociodemographic indicators of low-income, nonelderly adult 
characteristics measured at the census tract level (percent below poverty, uninsured, unemployed, Hispanic, black/African American, and did not 
graduate high school) from ACS 2010-2014 5-year estimates. We controlled for baseline CHC accessibility in 2008. Global Moran’s I statistic for 
spatial autocorrelation of OLS model residuals was 23.33 with a p value <0.0001. AIC was 1577 for the OLS model and 1106 for the spatial error 
model. Wald, Likelihood ratio, and Lagrange multiplier tests that the spatial parameter, lambda, = 0 are all p < 0.0001, indicating that we should reject 





Table C.1. Multivariable model results – census tracts with highest and lowest 5% of change in 
CHC accessibility removed (n=7,229) 
 
 Estimate 95% CI P value 
Intercept 0.18 -0.37 – 0.73 0.48 
    
Non-expansion Ref - - 
Expansion  -0.08 -0.24 – 0.09 0.36 
    
Expansion (0)*baseline accessibility Ref - - 
Expansion (1)*baseline accessibility 0.03 0.0007 – 0.05 <0.04* 
    
Health care system characteristics    
Medicaid to Medicare fee ratio 0.19 -0.42 – 0.8 0.54 
Primary care provider (PCP) ratio 
(PCPs per 100,000 people) -0.00009 -0.0002 – 0.00004 0.18 
Baseline accessibility 0.01 -0.006 – 0.03 0.16 
    
Health care user characteristics – census tract level   
Poverty (%) 0.003 0.002 – 0.004 <0.0001* 
Uninsured (%) 0.004 0.002 – 0.005 <0.0001* 
Hispanic (%) -0.001 -0.003 - -0.0003 0.01* 
Black or African American (%) -0.001 -0.002 - -0.0008 <0.0001* 
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